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WAUKEGAN HARBOR

TRUST AGREEMENT

AGREEMENT, made this day of , 1988,

by and between OUTBOARD MARINE CORPORATION, a Delaware corpo-
ration, (herein referred tu as "OMC" or "Settlor") and American
National Bank and Trust Company of Chicago (herein, together
with any successors in office, referred to as "Trustee").

The Settlor hereby delivers to the Trustee and the Trustee
hereby acknowledges receipt of the funds 1in accordance Qith
Exhibit A, annexed hereto, 2nd by this reference made a part
hereof, to have and to hold said funds and such additional
funds as may from time to time be added thereto as provided
herein, together with the proceeds and reinvestments thereof
(hereinafter referred to as the "Trust funds® or “Trust
assets") for the uses and purposes and upon the terms and con-
ditions hereinafter set forth. By executing this agreement,
the Trustee agrees to accept the jurisdiction of the Court and
to be bound by the Consent Decree entered on

, 1988 1in the United States v. OQutboard

Marine Corporation, Civil Action No. 88 C (N.D.

I11., Eastern Div.) (hereinafter called "Consent Decree") to
which a copy of this Agreement is attached as Appendix

1. TRUST FUND PURPOSE. The purpose of this Trust is to

provide for implementation by the Trustee of the Work required

by the Consent Decree, 1including the complete and timely



performance of design, remedial, resource restoration,
oversight, and certain operation and maintenance activities
properly incurred in accordance with the Consent Decree and the
Remedial Action Plan, and to make payment to the United States
and the State as provided in the Consent Decree, and to receive
payment of damages and response costs from OMC into the Trust.
The objective of the Consent Decree 1is to redress alleged
injuries to certain property of the State, including sediments
and submerged lands within the Site, and to address certain
alleged injuries, as covered in this Consent Decree to natural
resources held in trust by the United States and the State of
Illinois, <caused by the release of polyhlorinated byphenyls
(“PCBs") at the Waukegan Harbor site and to minimize the re-
lease of PCBs consistent with the National Contingency Plan
("NCP") to protect public health and the environment. Terms
which are defined in the Consent Decree shall have the same
meaning for purposes of this Trust Agreement as they have in
the Consent Decree.

2. PAYMENT OF TRUST FUNDS. During the term of this

Trust, the Trustee shall use so much or all of the income
and/or principal of the Trust (income to be used first) as is
necessary or advisable to implement the Work as set forth in
the Consent Decree; to pay the contractor(s) for carrying out
the Remedial Action Plan required by the Consent Decree; to pay
other proper and necessary expenses incurred to fulfill the

requirements of the Consent Decree and the Remedial Action



Plan; and to carry out all other obligations of the Trust and
the Trustee under and 1in accordance with the terms of the
Consent Decree. Any such payment by the Trustee shall be
subject to the prior written approval of the Proiject
Coordinator designated by the Trustee pursuant to Section X of
the Consent Decree. Settlor shall have the right to object to
or contest any proposed payment to a Contractor by the Trustee
pursuant to the procedures of Exhibit B. Any dispute between
the Settlor and the Trustee shall not affect the timely and
complete Performance of the Work.

3. INVESTMENT OF TRUST FUNDS. Notwithstanding any other

provision in this Agreement, the Trustee will at all times
hold, manage, and invest the assets of this Trust in a manner
designed to preserve the principal of the Trust and to realize
a reasonable rate of return thereon, consistent with the con-
servation of principal. Pending use of the Trust funds for the
purposes of this Agreement, the Trustee shall 1invest and
reinvest all or any part of the Trust funds, including any un-
distributed income therefrom, in United States direct obliga-
tions, obligations guaranteed by agencies of the United States
government, common trust funds or mutual funds which invest in
United States direct or guaranteed obligations, bank certifi-
cates of deposit and other interest bearing accounts, including
those of the Trustee, to the extent they are insuvred by the
federal government, and commcn trust funds or money market

funds investing in short term municipal bonds. In all cases,



however, the Trustee shall keep the totai investments
sufficiently liquid to enable the Trust to fulfill the purposes
of this Agreement and the Consent Decree and to satisfy obliga-
tions as they come due.

4. ADDITIONS TO TRUST FUNDS. OMC retains an unlimited

obligation to ensure that the Trust has sufficient assets to
complete the Work as required under the Consent Decree. The
Settlor shall, from time to time, make additional payments, as
necessary, to accomplish the purposes of the Trust. Such pay-
ments shall be administered and reinvested as part of the
Trust. The Trustee shall make demands 1n writing upon the
Settlor for additional payments to this Trust in amounts deter-
mined by the Trustee as necessary to fulfill the purposes of
the Trust. The Trustee shall request payment of such addition-
al amounts in sufficient time to assure the uninterrupted prog-
ress and timely completion of the Work, and copies of the
request shall be sent by the Trustee to U.S. EPA and IEPA. Any
dispute regarding the amount, purpose or other actions taken
with regard to such additional payments shall be resolved 1in
accordance with the procedures set forth in Exhibit C.

5. TERMINATION OF TRUST. This Trust shall terminate upon

completion of the Work required by the Consent Decree The
Trust also may be terminated at any time before said date 1if
the Consent Decree is modified to eliminate the use of a Trust
and (by] written notice of intent to terminate is mailed to the

Trustee. The termination shall become effective thirty (30)



days from the date of mailing of copies of said notice to
Parties to the Consent Decree unless the Trustee certifies in
writing to the Settlor that the Trust Fund has outstanding
unsettled obligations.

6. DISTRIBUTION OF TRUST FUNDS UPON TERMINATION OF

TRUST. (a) Upon termination of this Trust pursuant to the pre-

ceding paragraph 5, the Trustee shall liquidate the assets of
the Trust and thereupon distribute the entire remaining Trust
funds, including all accrued, accumulated and undistributed net
income, to the Illinois Wildlife and Fish Fund Office of
Administration Budget Section, Department of Conservation
(525 S. Second Street, Springfield, IL 62701).

(b) In the event the Trust is terminated by the Court
pursuant to Section IV. D.2. of the Consent Decree, the Trustee
shall liquidate the assets of the Trust and thereupon distrib-
ute the entire remaining Trust funds, including all accumulated
and undistributed net income, to OMC.

7. RESIGNATION, REMOVAL AND REPLACEMENT OF TRUSTEE.

(a) The Trustee may resign at any time upon providing
thirty (30) days' written notice of such resignation to the
Parties to the Consent Decree. The Trustee may be removed and
replaced with or without cause by the Settlor after five (5)
days' written notice of such removal and replacement to the
Trustee and to the U.S. EPA and the State of Illinois. Upon
the resignation, removal by the Settlor, or refusal or inabili-

ty to act of the Trustee, the Settlor shall appoint as



successor Trustee a bank or trust company qualified to accept
trusts.

(b) Upon the removal of the Trustee by the Court pur-
suant to Section IV. D.2. of the Consent Decree, the U. S. EPA
shall appoint as successor Trustee a bank or trust company
qualified to accept trusts.

(c) Any successor Trustee shall qualify by a duly
acknowledged acceptance of this Trust, when such acknowledge-
ment is delivered to the Settlor. Any successor Trustee shall
have all the rights, powers, duties and obligations herein
granted to the original Trustee. No successor Trustee shall be
personally liable to OMC for any act or omission of any prede-
cessor. With the approval of the Settlor, a successor Trustee
may accept the account rendered and the property received as a
full and complete discharge to the predecessor Trustee, without
incurring any liability for so doing. Notice of replacement of
the Trustee shall be promptly given to the Parties to the
Consent Decree by the Party appointing the successor Trustee.
Notwithstanding the foregoing, except by Order of the Court
under Section IV.D.2. of the Decree, no Trustee may resign or
be removed until a successor Trustee is selected and has ac-
knowledged acceptance of 1its appointment, and replacement of
the Trustee shall not affect the timely and proper discharge of
the duties of the Trustee.

8. COMPENSATION OF TRUSTEE. The Trustee shall be en-

titled to compensation in accordance with its schedule of fees



in effect from time to time. The Trustee is hereby authorized
to pay 1its compensation from the assets of the Trust and also
to reimburse itself for reasonable accounting, legal and other
reasonable expenditures incurred in fulfilling its responsibil-
ities under this Agreement.

9. TRUSTEE'S DUTIES AND POWERS. In connection with ful-

filling the requirements of the Consent Decree, the Trustee
shall have the following duties and powers, which are to be
exercised in a fiduciary capacity. These fiduciary dutieé and
powers are intended in no way to limit the general duties and
powers of the office as contained in the Illinois Trusts and
Trustees Act (Ill. Rev. Stat. ch. 17, par. 1651-1690) or pursu-
ant to any other applicable rule of law.

a) The Trustee shall carry out the responsibilities
assigned to the Trustee by the Consent Decree;

b) The Trustee shall provide for the timely and com-
plete performance of the Work required by the Consent Decree;

c) The Trustee shall hire one or more architects,
engineers, and contractors to implement and conduct the Work in
accordance with the Consent Decree and the Remedial Action Plan
and any federal, state or local laws applicable to such acfivi—
ty. Selection of any such architect, engineer, contractor or
subcontractor shall be subject to approval by U.S. EPA and IEPA
as provided in Section V of the Consent Decree;

d) The Trustee shall designate the Project

Coordinator as provided in Section X of the Consent Decree to



monitor, supervise and coordinate the work contemplated by the
Consent Decree;

e) The Trustee shall incur and pay any and all nec-
essary and reasonable charges, taxes and expenses upon or con-
nected with this Trust in discharge of the Trustee's fiduciéry
obligations under this Agreement, including without limitation,
to pay the Project Coordinator, architect, engineers and
contractors hired to perform the work required by the Consent
Decree, and to pay necessary and appropriate costs of U.S. EPA
and IEPA as required by the Consent Decree. If Settlor objects
to any such payment, the dispute shall be resolved in accord-
ance with Exhibit B of this Trust Agreement. Any dispute be-
tween the Settlor and the Trustee shall not affect the timely
and complete performance of the work;

f) The Trustee may renew or extend the time of pay-
ment of any obligation, secured or unsecured, payable to or by
this Trust, for as long a period or periods of time and on such
terms as the Trustee shall determine and may adjust, settle,
compromise and arbitrate claims or demands in favor of or
against this Trust, under such terms as the Trustee deems ad-
visable;

g) The Trustee may institute litigation in the name
of the Trust;

h) The Trustee may exercise any of such powers after
the date on which the principal and income of the Trust shall
have become distributable and until such time as the entire

principal and income of the Trust is actually distributed;

-8-



i) The Trustee may do any and all other acts which
the Trustee shall deem proper to effectuate 1ts duties and
powers under this Trust Agreement and the Consent Decree.

J) The Trustee shall withhold a sum of ten percent of
any contract entered into by the Trustee with any Contractor to
perform the Work, from final payment to the Contractor for one
year after the final cap is placed on the cell or for one vear
after final Written Certificate of Completion is issued under
the Decree, whichever is later. This sum shall be withheld in
the event that Contractor fails, neglects or refuses to sub-
stantially comply with any of the material provisions of this
Contract as provided herein. This sum shall be placed in an
interest bearing account subject to an escrow agreement. The
interest born on the escrow account shall be for the benefit of
the Contractor.

10. TRANSACTIONS WITH THIRD PARTIES. No person or organi-

zation dealing with the Trustee pursuant to this Agreement
shall be required to inquire into or investigate the authority
of the Trustee or see to the application of the proceeds of any
transaction.

11. ACCOUNTS. The Trustee shall present an annual
accounting to the Settlor, U.S. EPA and IEPA which shall show
the financial condition of the Trust including, without limita-
tion, *+hre receipts and disbursements of the Trust for that
year, and a projection of the receipts and disbursements of the

Trust for the following year.



12. INDEMNITY OF TRUSTEE. The Settlor agrees to indemnify

and hold harmless the Trustee from any and all liability
resulting from the execution of contracts and agreements or
from other actions or omissions by the Trustee arising out of
the Trustee's service as Trustee, except for the willful
misconduct or negligence of the Trustee. Except for claims
arising out of its own willful misconduct or negligence, the
Trustee shall not be required to prosecute or defend any claim
for or against the Trust until it i1s indemnified to its reason-
able satisfaction against the costs of such prosecution or de-
tense.

13. LIABILITY OF TRUSTEE. The Trustee shall not be liable

[to Settlor] for any acts, omissions or defaults of any agent
or depositary appointed or selected with reasonable care. The
Trustee shall be liable to Settlor only for its own willful
misconduct or negligence. No Trustee shall be responsible to
Settlor for the acts or omissions of any other Trustee, includ-
ing prior Trustees, nor shall any'Trustee be liable to Settlor
in regard to the exercise or non-exercise of any powers and
discretions properly delegated pursuant to the provisions of
this Agreement. Nothing in this paragraph shall be construed
to excuse the responsibility of the Trustee to Settlor for
carrying out Duties and Powers under other paragraphs of this

Agreement.

-10-



14. INCOME TAXATION. The Trustee 1s hereby authorized and

directed to apply for a federal employer's 1identification
number on behalf of the Trust and to adopt a calendar year for
tax purposes.

15. AMENDMENTS TO AGREEMENT. This Agreement may not be

amended except in writing, executed by the Settlor and
delivered to the Trustee; provided that no amendmen£ to this
Agreement shall take effect without the prior consent of U.S.
EPA.

16. NOTICES UNDER AGREEMENT. Any notice required by this

Agreement to be given to the Settlor or Trustee shall be deemed
to have been properly given when mailed, postage prepaid, by
registered or certified mail, to the Trustee or to any person
named by the Settlor to receive notices on behalf of the
Settlor.

17. COUNTERPARTS OF AGREEMENT. The Agreement may be

executed for the convenience of the Parties hereto in
counterparts, any one of which for all purposes shall be deemed
to have the status of an executed original.

18. SEVERABILITY OF PROVISIONS. If any provision of this

Agreement or its application to any person or entity or in any
circumstances shall be invalid and unenforceable, such
invalidity or unenforceability shall not affect the application
of such provision to persons or entities and in circumstances
other than those as to which it is invalid or unenforceable and
shall not affect the application of the other provisions of

this Agreement.

-11-
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EXHIBIT A TO TRUST

Date of Payment to Trust

(or

$S98 ¢

November 1, 1988
effective date of trust)

February 1, 1989
May 1, 1989
September 1, 1989
January 1, 1990
June 1, 1990
September 1, 1990
December 1, 1990

November 1, 1991

DRAFT

Amount

2,000,000

1,500,000
2,500,000
2,500,000
1,500,000
2,500,000
2,000,000
2,000,000

2,500,000



08/18/88
Exhibit B

(to ONT Trust)

DISPUTE RESOLUTION
Upon receipt of any request or demand for payment by the
Trustee from any person, (including the United States or
the State of Illinois, for oversight cost, or the
Contractor who is to perform the Work required under the
Consent Decree, ) or upon receipt of any proposed
determination by the Trustee's Project Coordinator that a
component of the Work 1is complete or substantially
complete, the Trustee shall promptly provide a copy of
said request to OMC and shall defer making such payment
for a period of 30 days or until Settlor (OMC) indicates
whether it would object to such payment or determination,
whichever 1is sooner. Settlor may dispute all or any
portion of any such request for payment. Trustee shall
proceed to pay any undisputed amount.
Any dispute by OMC as to payment to be made to the
Trustee or an agent, contractor, project coordinator, or
other person employed by the Trustee to carry out the
Consent Decree shall be resolved pursuant to the
procedures stated in this Exhibit B. Any dispute by OMC
as to any request for payment submitted by the Government
pursuant to the Consent Decree shall be resolved pursuant

to the procedures and requirements of the Consent Decree.
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All uﬁresolved disputes and controversies arising out of
or relating to payment by the Trustee to 1its agents,

including its Contractor who is retained to perform the
Work required by the Consent Decree, shall be decided by
dispute resolution, using the mechanism of ENDISPUTE,

Inc. This agreement to so arbitrate shall be
specifically enforceable an'd the determination rendered
by the dispute resolutor shall be final and judgment may
be entered upon it in accordance with the applicable law
of any court having jurisdiction thereover.

Any dispute resolution proceeding 1initiated under the
terms of this Trust may, at the request of either party,
be joined 9or consolidated with other proceedings
involving additional parties if the disputes arise out of
a common or inter-related factual occurrence(s).

Within 14 days of notifying the Trustee of any objection
to a request for payment, OMC shall provide notice to the
person requesting payment of OMC's objection and the
amounts challenged.

Notice of demand for a dispute resolution shall be filed
in writing with the Trustee by the person submitting the
request for payment, with a copy to OMC, [ENDISPUTE] and
the Trustee. Demand for a dispute resolution shall be
filed within 14 days after receipt of the notice of

objection by OMC.



Rev.

S40 1 f

Any dispute pertaining to a payment by the Trustee to the

Contractor shall not affect the timely and adequate
performance of the Work required by the Consent Decree,
the Trustee and the Con:ractor having agreed that the
Contractor shall <carry on the Work and maintain 1its
progress during any dispute resolution proceeding and
that the Trustee shall continue to make payments to the
Contractor in accordance with the Contract Documents.

All costs of dispute resolution, 1including reasonable
attorneys’' fees and disbursements, shall be allocated by
the dispute resolutors as part of any resolution by any
controversy by dispute resolution. OMC agrees to be
bound by the cost 0of such allocation. The Trustee agrees
to require its contractors to agree to said term and
procedure as part of its contract documents.

The Trustee shall obtain from the Contractor, and shall
require the Contractor to obtain from each Subcontractor,
such Contractor's and such Subcontractor's written
agreement to resolve disputes and controversies with
respect to the Project or 1its Subcontract with the
Contractor by dispute resolution in accordance with this
agreement and to be a party to arbitration between Owner,
OMC and Contractor where necessary and required.
Subcontractors' and Contractors’ arbitrations among
themselves shall in no way delay the progress of the Work

or be adversely binding on OMC or the Trustee.

e/10/88



19. GOVERNING LAW. This Agreement creates a Trust to be

administered in the State of Illinois and all questions
pertaining to 1its wvalidity, construction and administration

shall be determined in accordance with the law of Illinois.

IN WITNESS WHEREOF, the Settlor and the Trustee have set
their hands and seals to this Agreement [consisting of Nineteen
Sections, and Exhibit A and B, annexed hereto,] as of the day

and year first above written.

Qutboard Marine Corporation,
Settlor

By:

Title

Attest:

Title:

[Corporate Seal]

Trustee

By:

Title

Attest:

Title:

[Corporate Seal]

1829F
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IN-PLACE CONTAINMENT OF PCBS
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS
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Section Number: 1.0
Revision Number:

Date: August 22, 1988
Page: 1

WORK PLAN
IN-PLACE CONTAINMENT OF PCBS
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

This Work Plan (Appendix III to the Consent Decree) is part of the Remedial
Action Plan (RAP) as defined in Section III(L) of the Consent Decree. The
RAP consists of this Work Plan and the following additional documents:

1. Tre~tment Work Plan (Appenaix IvV);

2. Pre-Design Quality Assurance Project Plan (PDQ) (Appendix V);

3. Health and Safety Plan (Appendix VI);

4. Operation and Maintenance Work Plan (Appendix VII).
The RAP sets forth the agreed tasks to be performed to design and implement

the remedial and resource restoration activities hereinafter referred to as
Remedial Action at the Site.

This Work Plan, together with the Quality Assurance Project Plan (QAPP),
set forth the tasks which shall be performed to implement the components of
the work described in Section V.D.1 (a)-(f) of the Consent Decree. Except
as otherwise defined, terms used herein shall have the same meaning as set
forth in the Consent Decree. This Work Plan consists of the following:

1. A scope of work for pre-design investigations;
2. Provisions for the preparation of design drawings and documents;

3. Provisions for the implementation of the foregoing elements of the
work including dredging and excavation criteria;
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4. A construction schedule.

A1l reports and documents required hereunder to be submitted to United
States Environmental Protection Agency (U.S. EPA) and/or Illinois
Environmental Protection Agency (IEPA) for their approval shall be
submitted in accordance with all the provisions of the Consent Decree.

The tasks set forth herein include the construction of three separate soil-
bentonite slurry walls (slurry wall) containment areas, shown on Figure 1,
each of which are intended to contain sands and organic silts with more
than 50 parts per million (ppm) of PCBs. Certain soils and sediments
outside of these containment areas will be excavated and deposited within
the containment cells before closing the containment cell with a cover
designed according to the criteria in Table 1 of the Work Plan. Each
containment cell will be maintained in the manner set forth in the Opera-
tion and Maintenance Plan which includes the installation and operation of
a dewatering system in each of the three separate containment cells. The
dewatering system will be designed to produce a hydraulic head in each cell
that is lower than that surrounding the cell. The maintenance of this head
differential is necessary in order to maintain an inward flow gradient.

The remedial activities described herein are based in part on the unique
geologic conditions at the Site (References 1 and 2). The subsurface
strata at the Site consists of a fine, uniform beach sand deposit, approxi-
mately 25 feet thick, overlying a very stiff, glacial clay/silt till known
as the Wedron formation. The Wedron formation, in the vicinity of the
Site, is in excess of 50 feet thick, and is directly underlain by bedrock
consisting of a water-bearing Silurian limestone. The Wedron formation is
a thick, relatively impermeable clay pan preventing the downward movement
of surface water, associated with Lake Michigan. Piezometric levels mea-
sured in the Silurian limestone aquifer near Belvidere Park, which is
approximately 3.5 miles northwest of the Site, indicate that the water
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levels in the Silurian dolomite are higher than the shallow ground water
levels in the beach sand deposits associated with the Lake Michigan water
level. Therefore, at the Site, the likely hydraulic gradient is upward
through the Wedron formation. This gradient will be confirmed by install-
ing two piezometers in the Silurian limestone at the Site.

These hydrogeologic conditions, together with the construction of horizon-
tal flow barriers around the three cells containing PCBs (see Figure 1) and
the construction of an impermeable cap over these cells, is expected to
isolate the PCBs from the shallow ground water and Lake Michigan environ-
ment. The containment cells .. prevent the movement of sediments or
soils containing more than 50 ppm PCBs into surface water systems, and will
prevent direct contact with these soils or sediments.

Before development of a detailed design package for the in-place contain-
ment (IPC) units, a pre-design investigation will be completed. The pur-
pose of this investigation will be to determine the geotechnical parameters
required for design of the soil-bentonite slurry walls, the impermeable
caps, and the water extraction system. The pre-design data collection will
also include measurement of the piezometric levels in the underlying
Silurian limestone aquifer, and the determination of the consolidation and
settling characteristics of organic silts from the harbor. The scope of
work for the pre-design investigation is presented in Section 2.0. The
procedures to be used in this investigation will follow the Pre-Design QAPP
(PDQ) and Health and Safety Plan approved by U.S. EPA.

After completion of the pre-design investigation, a detailed set of
construction drawings and specifications and a design report will be
prepared and submitted to U.S. EPA and the IEPA for review and approval
prior to the start of construction. A Remedial Action QAPP and Health and
Safety Plan will aiso be prepared during final design to cover the
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activities to be undertaken during implementation of the remedial action.
These submittals are detailed in Section 3.0. '

The construction activities required as part of the work will be imple-
mented in accordance with the procedures presented in Section 4.0 of this
Work Plan, following approval of the construction drawings and specifica-
tions and the design report.

The areas where PCB-contaminated soils and sediments will be excavated and
the location of the containment cells in which the excavated material will
be placed, are speci ied in Sc.tion 4.C. Areas containing soiis and sedi-
ments which must be treated prior to placement in a containment cell are
also specified in Section 4.0.
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2.0 PRE-DESIGN PHASE

The purpose of the pre-design phase is to define the geotechnical, physi-
cal, and hydraulic properties of the different soil types present at the
Site and to measure the compatibility of the various soil mixtures with
site ground water and with water containing sediments and PCBs.

The pre-design phase is subdivided into two tasks:

1. Field sampling program;
2. Soils laboratory testing program.

The field sampling program will include soil borings, piezometer installa-
tions, test pit excavations, and in-situ permeability testing. The soils
laboratory testing program will include clay permeability/compatibility
tests, consolidation testing, soil classification tests, sedimentation
tests, and the design of an acceptable soil-bentonite mixture for the
backfill material in the slurry walls.

2.1 Field Sampling Program

2.1.1 Sampling in New Slip

Four soil borings will be completed in the area where the new boat slip is
to be constructed as a replacement for existing Slip No. 3. The boring
locations are shown on Figure 2. Each boring will be advanced a minimum of
five feet into the underlying clayey glacial till (clay till). Data on
physical characteristics of soils in this area will be collected including
density, grain-size characteristics, and angle of internal friction. This
information will be used for design of the steel sheeting for the new slip
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and will be used to determine the excavation characteristics of the soil in
this area. The borings will be performed as follows:

1. The boring will be advanced using hollow-stem augers.

2. Standard split-spoon sampies will be taken at five-foot intervals
or at changes in the strata through the sand. Continuous samples
will be recovered through the till. A1l recovered samples will be
retained in sealed glass jars. The sample logging procedures to
be followed for this activity are found in the PDQ,

Section 4.1.2.1.

3. Each boring will be backfilled by tremie grouting with a cement/
bentonite grout. The mix proportions and mixing procedures to be
followed for the grout are found in the PDQ, Section 4.1.7.

Two test pits will be dug, with a backhoe, perpendicular to the existing
Upper Harbor sheeting. The test pits will determine the total depth of a
former crane foundation that runs through the new slip area. The locations
of the test pits are shown on Figure 2. Each test pit will identify the
type and depth of the existing foundation. The test pits will be back-
filled with the excavated material and compacted with the backhoe.

2.1.2 Sampling in the Upper Harbor and Slip No. 3

Sediment (organic silt) samples will be collected in the Upper Harbor and
STip No. 3 to assess the settling and consolidation characteristics of the
sediments. Settling tests will be performed to select additives for
improving the settling rates of sediments during dredging, and to design
systems to dewater the sediments placed in the Slip No. 3 cell and the
separate isolation area (Section 4.6.2). Data from the settling tests will
also be used to design the water treatment facility.
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A total of five 5-gallon buckets of sediment will be collected using a
sludge sampler. The samples will be retrieved from 10 different, randomly
chosen locations. No more than three gallons of sample will be retrieved
at any one location. Special care will be taken to assure the samples are
representative of the sediments and the finer fraction is not washed out
during sampling. The sludge sampling procedures to be followed for this
activity shall be in accordance with the PDQ, Section 4.1.2.3.

Two soil borings, Figure 2, will be drilled from a barge along the proposed
STip No. 3 cutoff wall location. The soil borings will be performed as
follows:

1. The drilling barge will be protected from waves and swells during
the drilling operation.

2. A steel casing will be driven to the clay till, soil samples
recovered to the till, and the steel casing flushed with potable
‘'water to remove all sediment and soil within the casing.

3. The casing will be driven two feet into the clay till and the soil
boring will be advanced by the rotary wash method.

4. The boring will be sampled continuously with a standard split-
spoon sampler to a depth of 20 feet below the top of the till.
A1l recovered samples will be retained in sealed glass jars. The
sample logging procedures to be followed are found in the PDQ,
Section 4.1.2.1.

5. Pitcher barrel samples of the clay till will be obtained from two
locations in each soil boring. Pitcher barrel sampling procedures
to be followed are found in the PDQ, Section 4.1.2.2.
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6. The soil boring will be backfilled by tremie grouting with a
cement/bentonite grout before the steel casing is removed. The

mix proportions and mixing procedures to be followed for the grout
are found in the PDQ, Section 4.1.7.

2.1.3 Slurry Wall Soil Borings

Twenty-seven soil borings will be completed along the proposed alignments
of the three slurry walls constructed as part of the IPCs, Figures 2, 3,
and 4. These borings will be for the collection of bulk soil samples for
use in design of the soil-bentonite backfill mixture, for collection of
undisturbed soil samples from the till, and for in-situ permeability
testing of the clay till.

The borings will be drilled to a depth that penetrates the clay till by at
least 10 feet. Two borings at each of the three containment cell areas
will be advanced to a depth that penetrates the clay till by at least

20 feet. At least six pitcher barrel samples will be recovered from the
borings along the slurry wall alignment at each of the containment areas.
The project engineer will decide which borings will be drilled to the 20-
foot penetration and specific depths to be sampled with the pitcher barrel
sampler. Pitcher barrel samples may be obtained from any boring. The
borings that penetrate 10 feet into the till will be taken in accordance
with procedures described in Section 2.1.1 of this Work Plan but use of the
rotary wash method may be required to advance the borings into the clay
ti1l if the till is too stiff to be drilled by the hollow-stem auger. All
borings will be backfilled by tremie grouting with cement-bentonite grout
before the hollow-stem auger is removed, so that none of the borings into
the clay till will be potential pathways for leachate migration.

In-situ permeability tests shall be performed in accordance with the pro-
cedures found in the PDQ, Section 4.1.3, on 6 of the soil borings (2 from
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each containment area) that penetrate into the clay til] by at least

20 feet and on 3 of the soil borings (one from each containment area) that
penetrate into the clay till 10 feet. The function of in-situ permeability
tests is to determine the capability of the in-situ soils to prevent flow
of water or leachate underneath the slurry wall. The in-situ permeability
tests performed during the soil boring program shall be used to provide the
coefficient of permeability that is representative of the horizontal flow
pattern. The horizontal field permeability test will be performed using
the single packer method with the packer and associated equipment set to
test a three-foot interval.

The permeability that is representative of the vertical flow pattern will
be determined from both pitcher barrel samples tested in the laboratory and
from in-situ, flush-bottom casing permeability test runs in one boring at
each of the three containment areas. Laboratory permeability tests shall
be performed on the pitcher barrel samples in accordance with Section 4.2.7
of the PDQ. The vertical field permeability test will be performed using
the single packer method and the casing flush to the bottom of the boring
in accordance with Section 4.1.3 of the PDQ.

In conjunction with the laboratory permeability tests performed on the
pitcher barrel samples, and the characterizations of the subsurface
material along the alignments of each cell, an appropriate depth of
penetration of the slurry wall into the underlying clay till will be
calculated.

The design depth of the slurry wall key will be calculated in such manner
so as to determine that the ground water flow underneath the wall through
the clayey in-situ soils is less than or equal to the flow directly through
the wall, see Figure 5. The minimum depth of penetration of the slurry
wall key will be at least three feet into the clay till. If geologic
features that might permit seepage under the cut-off wall are encountered
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(eg. permeable lenses, weathered zones, desiccation cracks) the minimum
depth of penetration of the slurry wall key will be the depth required to
maintain the design criteria for ground water flow underneath the wall
provided that at least the minimum three feet depth is maintained.

2.1.4 North Ditch Soil] Borings

Four borings will be installed, to a depth of 10 feet, to determine the
soil characteristics present along the alignment of the rerouted north

ditch.

1.

The locations of these soil borings are shown on Figure 4.

tEach boring will be advancca to completion using hollow-stem
augers.

Standard split-spoon samples will be taken continuously. All
recovered samples will be retained in sealed glass jars. The
sample logging procedures shall be in accordance with Section
4.1.2.1 of the PDQ.

Each boring will be backfilled by tremie grouting with a cement-
bentonite grout. The mix proportions and mixing procedures for
the grout shall be in accordance with Section 4.1.7 of the POQ.

2.1.5 Miscellaneous Soil and Water Sampling

Miscellaneous soil and water sampling will be collected for the following

purposes:

1.

Samples of native soils, both sands and clays, will be collected
to determine the slurry wall backfill mix design during the soils
laboratory testing program.
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2. Clay samples from nearby borrow pits will be collected to deter-
mine the suitability of the soils for the slurry wall working
platform alona each slurry wall alignment. The sites for the clay
borrow pit sampies will be selected by the project engineer during
the pre-design activities.

3. Samples of ground water that are in contact with PCB sediments
will be collected for use as permeants for the permeability tests
in the laboratory program.

Samples of sand will be recovered from the auger cuttings retrieved during
the slurry wall borings. A minimum of 20 pounds of sand will be recovered
from the borings along the slurry wall alignment for each cell. The sand
samples will be stored in plastic bags.

Clay samples will be recovered from two or three proposed borrow pits in
the Waukegan area that may be used during the construction of the slurry
wall working platform. A minimum of 100 pounds of clay will be recovered
from each borrow pit.

Ten gallons of ground water will be obtained from one of the existing
monitoring wells. However, before recovering the ground water samples, a
minimum of three casing volumes of water will be removed from the well to
purge any stagnant water and retrieve representative ground water samples.
The collected ground water samples will be stored in completely filled
sealed glass containers so as to ensure that head space does not exist in
the container and anaerobic conditions are maintained. Additional water
samples will be obtained in conjunction with the harbor sediment sampling
program (described in Section 2.1.2) by decanting water from the sediment
samples. A total of 10 gallons of decanted water from the sediment samples
will be obtained and stored in glass containers in such manner as described
above to ensure anaerobic conditions are maintained for the samples.
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2.1.6 Piezometers

2.1.6.1 Piezometers in Silurian Limestone Bedrock

The piezometric level in the Silurian limestone aquifer beneath the Site
will be measured and compared to the piezometric level in the sand aquifer
on the Site. To accomplish the foregoing, two piezometers will be
installed into the Silurian limestone aquifer at the Site. The piezometers
will be installed adjacent to existing monitoring wells in the shallow
aquifer or will be paired with new shallow aquifer piezometers, as
described in Section 2.1.6.2. The piezometers will be constructed of
1-inch-diameter Schedule 80 PVC and are expected to be between 70 and

100 feet deep. The proposed piezometer locations are shown on Figure 2.
The piezometers will be drilled as follows:

1. The soil boring will be advanced to the clay surface using augers.

2. A six-inch-diameter casing will be placed in or driven into the
borehole after removing the auger and driven a minimum of five
feet into the clay till.

3. The inside of the casing will be thoroughly washed with potable
water removing any debris from the bottom of the hole.

4. The soil boring will be advanced through the clay till as a 5-inch
hole using the rotary wash method with potable water.

5. Split-spoon samples will be recovered at five-foot intervals and
at changes in soil conditions. A minimum of two pitcher barrel
samples will be recovered in the clay till. A1l recovered split-
spoon samples will be retained in sealed glass jars. The sample
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logging procedures shall be in accordance with the PODQ,
Section 4.1.2.

When limestone is encountered below the clay till, the boring will
be stopped, and the borehole will be flushed with potable water
prior to coring the bedrock.

If 1imestone is encountered below the till a minimum of 20 feet of
NX (2-5/32 inch) rock core will be obtained. All recovered rock
cdre will be retained in core boxes. Bedrock coring and logging
procedures shali ve in accord...ce with Section 4.1.4 of the PDQ.

If sand and gravel is encountered below the till, the borehole
will be advanced a minimum of 10 feet into the formation before
installing the piezometer.

A 10-foot section of 1-inch-diameter, No. 10 slot, Schedule 80 PVC
screen and 1-inch threaded PVC riser will be installed in the
borehole in the permeable zone selected by the field engineer. A
PVC plug will be installed in the bottom of the screen section.
A1l PVC material used in this section shall be in accordance with
the PVC plastic material specifications of Section 4.1.5.1 of the
PDQ.

A washed quartz sand will be placed as a sand pack in the annulus
between the piezometer screen and borehole to a depth of five feet
above the top of screen. The sand pack shall be in accordance
with Section 4.1.5.1.3 of the PDQ.

The annular space in the borehole above the sand pack will be
tremie grouted with Volclay grout to within six feet of the ground
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surface. A weep hole will be provided in the bottom of the cas-
ing. The procedures for preparation of the Volclay grout shall be
in accordance with Section 4.1.5.4 of the PDQ.

The six-inch-diameter casing will be removed, and Volclay grout
added to the annular space in the borehole to re-establish the
grout level to within six feet of the ground surface. |

The annulus in the borehole above the Volclay grout will be filled
with concrete to the ground surface. The concrete specifications
shall be in conformance with the PDQ, Section 4.1.5.1.5.

A four-inch-diameter protective steel casing with locking cap will
be installed over each piezometer. The casing will extend three
feet above the ground surface. A weep hole will be provided in
the bottom of the casing. The placement of the protective cover
shall be in accordance with Section 4.1.5.1.6 of the PDQ.

A bumper system consisting of 3 four-inch-diameter concrete-filled
pipes will be installed around the protective casing.

The elevation and location of the piezometers will be determined
by a licensed surveyor registered in the state of Illinois.
Northerly and easterly coordinates will be determined to the
nearest tenth of a foot, referenced to an overall site coordinate
system. Elevations will be determined to the nearest hundredth of
a foot, and will be referenced to National Geodetic Vertical datum
of 1929 or International Great Lakes datum determining elevations
above mean sea level.
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2.1.6.2 Piezometers in Shallow Aquifer

If the piezometers constructed in the Silurian limestone are not installed
adjacent to existing monitoring wells in the shallow aquifer, piezometers
will be installed in the shallow aquifer adjacent to the deep piezometers.
The piezometers will be constructed of 1-inch-diameter Schedule 80 PVC.
The piezometers will be drilled as follows:

1.

The boring will be advanced to the till using a four-inch hollow-
stem auger.

Standard split-spoon samples will be taken at five-foot intervals
or at changes in the strata through the sand.

A 10-foot section of l-inch-diameter, No. 10 slot, Schedule 80 PVC
screen and l-inch threaded PVC riser will be installed in the
borehole at the bottom of the borehole. A PVC plug will be in-
stalled in the bottom of the screen section. A1l PVC material
used in this section shall be in accordance with the PVC plastic
material specifications found in Section 4.1.5.2 of the PDQ.

If required, a sand pack will be placed in the annulus between the
piezometer screen and borehole to a depth of five feet above the
top of screen as the auger is removed. The sand pack shall be in
accordance with Section 4.1.5.2.3 of the PDQ.

The annular space in the borehole above the sand packed interval
will be backfilled with the auger cuttings to within six feet of
the ground surface or the sand formation above the sand packed
interval will be allowed to collapse around the well casing.
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6. The annular space in the borehole above the backfilled sand will
be filled with concrete to the ground surface. The concrete shall
conform to the specifications set forth in Section 4.1.5.2.4 of
the PDQ.

7. A four-inch-diameter protective steel casing with locking cap will
be installed over each piezometer. The casing will extend three
feet above the ground surface. The placement of the protective
cover shall be in accordance with Section 4.1.5.2 of the PDQ.

8. A bumper system con<‘~*ing of 3, four-inch-diameter concrete-
filled pipes will be installed around the protective casing.

9. The elevation and location of the piezometers will be determined
by a licensed surveyor registered in the state of Illinois.
Northerly and easterly coordinates will be determined to the
nearest tenth of a foot, referenced to an overall site coordinate
system. Elevations will be determined to the nearest hundredth of
a foot and will be referenced to National Geodetic Vertical datum
of 1929, or International Great Lakes datum determining elevations
above mean sea level.

2.1.7 Redevelopment of Existing Monitoring Wells

Three existing monitoring wells each having a diameter of at least two
inches will be redeveloped to provide verification of horizontal ground
water gradients in the shallow aquifer. The wells will include one at the
west edge of the Site, one at the east edge of the Site, and one at or near
the midpoint of the Site. A selected well which fails to respond to rede-
velopment will be replaced with another existing well within the same area
of the site. Nonfunctional wells will be decommissioned in accordance with
procedures set forth in the PDQ. The wells will be redeveloped as follows:



Section: 2.0

Revision No.:

Date: August 22, 1988
Page: 17

1. Pumps, hoses, and well development equipment will be steam
cleaned. Steam cleaning procedures shall be in accordance with
the procedures of Section 4.1.6.1 of the PDQ.

2. The depth to the bottom of the well will be measured.

3. If more than one inch of sediment exists in the well, the sediment
will be flushed out of the well using water from a potable water
source approved by the field engineer.

4. The ~onitoring well will be purged for at least two hours using a
bladder pump. During redevelopment, pH, specific conductance,
temperature, flow rate, and water level will be recorded at half-
hour intervals.

5. The pumping response and recovery of the well will be used to
assess the reliability of the well for piezometric evaluations.

2.2 lLaboratory Testing Program

The Taboratory testing of soils shall be conducted in accordance with
reguirements of Section 4.2 of the PDQ to provide an assessment of the
compatibility of soil and soil-bentonite mixtures with water which has been
in contact with sediments containing PCBs. The laboratory program will
also assess the handling characteristics of organic sediments and the rate
of settling and dewatering for use in developing the final design. In
general, the physical and geotechnical properties of the soils will be
quantified to the level required for preparation of final design documents.
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2.2.1 Soil Classification Tests

Soil classification tests will be completed to identify the types of soils
present and to establish a normal variation or uniformity of soil types.
Soil types will be classified according to the Unified Soil Classification
System (USCS). The type of soils present will impact the design of both
surface and subsurface structures. The test procedures for soil testing
including soil classification, moisture contents, sieve analysis, and
Atterberg limits shall be in accordance with Section 4.2 of the PDQ.

2.2.1.1 Samples from Slurry Wall Borings

A total of 25 soil borings (see Section 2.1.3) will be performed along the
sturry wall alignments, 7 at the Slip No. 3 Containment Cell, 11 at the
East Containment Cell, and 7 at the West Containment Cell. Samples will be
taken from each boring and visually classified (see Section 2.1.3). The
visual classifications of the soil will be confirmed with the following
testing of selected samples:

1. Moisture contents analysis on all samples from the 25 borings;

2. Four sand samples per containment area (12 total samples) will
have mechanical sieve analyses performed on them;

3. Four clay till samples from borings from each containment area (12
total for the Site) will have No. 200 sieve analyvses performed on
them;

4. Four clay till samples from borings from each containment area (12
total for the Site) will have Atterberg limits analyses performed
on them.
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2.2.1.2 Samples from Clay Borrow Pits

Soil classification tests will be performed on the soil samples obtained
from each clay borrow pit. The following tests will be performed:

1. Moisture content and sieve analyses for fractions finer than the
No. 200 sieve will be performed on four samples from each borrow
pit;

2. Atterberg limits will be performed on two samples from each borrow
pit (four total samp’.._;,

3. To determine the maximum dry density of the soil, a Standard
Proctor moisture-density relationship will be performed on two
samples from each borrow pit (four total samples).

2.2.2 Permeability Tests

A permeability test shall be performed to measure the permeability of the
soil sample with both ground water and water that has contacted sediments
containing PCBs. The compatibility of the sample is assessed by comparing
the difference in the permeability of the sample due to the different
fluids. An increase in permeability of more than 10 times (one order of
magnitude) indicates an incompatible relationship between the soil and
permeating fluid. The pH and PCB content of each of the water samples will
also be determined both before and after contact with the soil sample.

Permeability tests will be performed on representative samples of the clay
ti11 to measure compatibility with ground water coming in contact with
sediments containing PCBs. The permeability test shall also be used in the
assessment and selection of a soil-bentonite backfill mixture for the con-
tainment slurry walls. The detailed procedures for all permeability tests
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conducted under this Section shall be in accordance with Section 4.2.7 of

the PDQ.

2.2.2.1

Slurry Wall Pitcher_Samples

A constant head permeability test will be performed on one pitcher barrel
sample from the soil borings from each slurry wall alignment. (One from
each of the three cell containment cell locations). The tests will be
performed as follows:

1.

A test speci:en with . length t2 diameter ratio of no icss than
1:1 will be set up in the constant head triaxial permeability
apparatus.

The sample will be saturated with ground water from the Site.

After saturation, at least one pore volume of ground water will be
allowed to flow through the sample.

The permeant will be changed to decanted water from the harbor
sampling that has been in continuous agitated contact with sedi-
ments containing PCBs for 24 hours.

Two pore volumes of water from the PCB contact will flow through
the sample.

The variance of permeability with time will be recorded for each
type of permeant tested.
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2.2.3 Consolidation Tests and Coaqulant Assessment

Settling time, quality of the water after dredging and settling, and the
rate at which the water drains from the dredged sediments (caonsolidation)
are important for design of the water treatment system, the design of the
dewatering system for the dredged sediments, and estimating the final
volume of the consolidated sediments.

A coagulant is an additive which causes suspended particles to come toge-
ther to form larger particles. The larger particles, known as floc, have
higher settling velocity and therefore, reduce the amount of time required
to consolidate the suspended solids. A previous study on Waukegan Harbor
sediment, Reference 4, evaluated various combinations of alum and polymer.
The findings in the paper will be the basis for a series of jar tests which
will be performed to assess the use of polymers and alum as the coagulant
to accelerate the settlement of harbor sediments during dredging opera-
tions.

The coagulant assessment will be conducted in accordance with the following
procedure:

1. No. 200 wash gradings will be performed on three representative
harbor sediment samples.

2. A minimum of six representative sediment samples from the Upper
Harbor will be mixed with varying concentrations of alum and
different polymers.

3. The sediment-coagulant mixture will be placed in a one-liter glass.

cylinder and the height of the settled sediments will be recorded.
Readings will be made at intervals of 5, 10, 15, 30, 45, and 60
minutes and at 2, 4, 8, and 24 hours.
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4. After 24 hours of settling, the clear water will be decanted and
filtration will be performed on the sediment-coagulant mixture
through a No. 200 sieve.

5. The weight of the material retained and that passing through the
No. 200 sieve, for the different coagulants, and different
concentrations will be recorded.

Based on the tests, the combination of alum and polymer most effective in
settling harbor sediments will be selected.

The total suspended solids (TSS) and the PCB levels in the decanted water
remaining after treatment with the coagulants will be measured for water
treatment design. TSS will be measured on decanted water from the settling
tests both before and after filtration on a No. 200 screen.

The consolidation characteristics of the harbor sediments will be evaluated
by performing one-dimensional consolidation tests on three composite sam-
ples of the Upper Harbor sediments. Two of the consolidation tests will be
done on untreated harbor sediments. The third consolidation test will be
done on harbor sediments that have been treated with a coagulant selected
in the coagulant assessment. The test procedure for the consolidation test
shall be in accordance with\§ection 4.2.5 of the PDQ.

2.2.4 Soil-Bentonite Slurry Wall Backfill Mix

A soil-bentonite backfill mix will be developed to provide a suitable
backfill mix for construction of the slurry walls around each of the
containment cells. The mix must meet two requirements:

1. The mix must be a mixture of soils and bentonite with*a
coefficient of permeability that is less than 1 x 107’ cm/sec.
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2. The mix must be compatible with the ground water that has con-
tacted soils containing PCBs.

To determine the soil-bentonite backfill mix which meets the above require-
ments, five different mixes will be prepared and tested in a constant head
permeability apparatus as specified below in this paragraph. Since the
proposed minimum depth of penetration of the slurry wall into the clay till
is 3 feet, the soils from the slurry wall excavation will consist of
approximately 90 percent sand and 10 percent clay. Based on the relation-
ship shown on Figure 15, Reference 5, it is expected that a bentonite
content of approxima’:ly 3 tc ' percent by weight should give a permeabil-
ity of less than 1 x 10'7 cm/sec. However, two mixtures with 10 percent
more fines will be prepared as backup mixtures in case the native soils do
not provide adequate fines to reach a permeability of less than 1 x 10~ -7
cm/sec. In the event none of the below enumerated laboratory mixtures
achieve a permeability coefficient of less than 1 x 10'7 cm/sec, additional
mixtures will be analyzed until such permeability coefficient is estab-
lished.

1. Eighty-eight percent by weight native sands, 10 percent by weight
native clay, and 2 percent bentonite by weight;

2. Eighty-seven percent by weight native sands, 10 percent by weight
native clay, and 3 percent bentonite by weight;

3. Eighty-six percent by weight native sands, 10 percent by weight
native clay, and 4 percent bentonite by weight;

4. Seventy-eight percent native sands by weight, 10 percent by weight
native clays, 10 percent imported clay by weight, and 2 percent
bentonite by weight; :
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5. Seventy-six percent native sands by weight, 10 percent native
clays by weight, 10 percent imported clays by weight, and 4 per-
cent bentonite by weight.

For all mixes, sufficient water will be added to hydrate the bentonite so
that the slurry will have a viscosity of 40 Marsh sec, as determined with a
Marsh funnel viscometer.

The constant head permeability tests will be performed as follows:

1. The test specimen will be set up in the modified triaxial appa-
ratus.

2. Two pore volumes of ground water will be passed through the test
specimen.

3. The permeant will be changed to water that has contacted soils
containing PCBs. Three pore volumes of the water will be passed
through the sample.

4. The permeability with each permeant will be determined.

A detailed description of the permeability test and related calculations is
included in the QAPP, Section 4.2.7.
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3.0 DESIGN PHASE

The design phase includes preparation and submittal of the following:

1. Construction drawings and specifications;

2. A design report;

3. A Remedial Action QAPP;

4. A Remedial Action Health and Safety Plan.
The foregoing shall be submitted to U.S. EPA for review and approval prior
to implementation of the Remedial Action Work required pursuant to this
Work Plan.
Design calculations and documentation required to meet the design
requirements for water discharge, construction, dredging, or other
approvals will also be completed during the design phase and will be
included in the design report. The design shall be based on and in

accordance with the design criteria shown in Table 1.

3.1 Construction Drawings

Construction drawings showing plans, cross sections, and additional
construction related details of the remedial action covering all of the
tasks described in Section 4.0 will be prepared and submitted to the U.S.
EPA for review and approval.
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The construction drawings will include but are not limited to:

1. Details for the new slip construction including the new process
cooling water intake line and relocated Larsen Marine facilities;

2. Details for the Slip No. 3 cutoff wall, slurry wall, and the
excavation cell at the west end of the slip;

3. Details for the West Containment Cell slurry wail and the separate
isolation area, Section 4.6.2, and the sheet pile enclosed area,
S. .3 D, Section * .2, within the slurry wall;

4. Details of the East Containment Cell slurry wall;

5. Details of the dredging operation;

6. Details of the monitoring wells, piezometers, and dewatering wells
for all containment cells;

7. Details of the closure of ai] containment cells;
8. Details of the constriuction water treatment facility;
9. Details of the long-term water treatment facility;

The construction drawings will be prepared in a 24-inch by 36-inch format,
and will be submitted to U.S. EPA for review and approval.

3.2 Construction Specifications

The construction specifications submitted shall include requirements for
the dredging, excavation, backfiiling, pile driving, and water treatment.
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Material and installation requirements for the slurry walls, closure caps,
rerouted pipelines, extraction and monitoring wells, and water treatment

facility will also be included in the specifications.

The construction specifications will be submitted to U.S. EPA for review
and approval.

3.3 Design and Analysis Report

Results of the pre-design testing and analyses and a summary of the
analyses completed for design will be presented in a design and analysis
report ("Design Report") which shall be submitted to U.S. EPA for review
and approval. The report will include, but is not limited to:

1. Analytical results from all pre-design laboratory and field
testing;

2. Detailed explanation of the basis for the numbers, sizes, and
locations of the extraction wells, monitoring wells, and
piezometers proposed for each cell;

3. Explanation for selection of the depth of the slurry wall key;

4. Explanation for selection of the slurry wall construction material
composition;

5. An evaluation of the effluent treatment system for treating the
effluent generated by the extraction wells;

6. A statement of the rationale for the design specifications;

7. Description of proposed dredging techniques;
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8. Proposed post-dredging sounding protocol;
9. Dust control plan.
3.4 Quality Assurance Project Plan

The final details for many of the work plan implementation activities are
dependent on the information obtained during the pre-design phase and shall

be developed as part of the design program. A QAPP for remedial action and

construction activities will be completed and submitted to U.S EPA for
review and approval and submitted in accordance with the schedule in

Table 2. The remedial action QAPP will comply with the requirements for
quality assurance project plans in U.S. EPA/QAM-005/80, Interim Guidelines
and Specifications for Preparing Quality Assurance Project Plans.

The remedial action QAPP will prescribe the procedures required to assure
that the work plan is executed in the proper manner and to ensure that the
construction activities specified in the work plan will be completed as
specified.

The remedial action QAPP will be followed during all activities of all
participants involved in the impiementation of the remedial action at the
Site in Waukegan, I1linois. The remedial action QAPP will address all
anticipated activities to execute the work plan remedial action activities
as approved by the U.S. EPA.

The activities that will be addressed in the remedial action QAPP include,
but are not limited to, the following:

1. Slurry wall construction;

2. Installation of synthetic covers;
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Installation of ground water monitoring wells;

Installation of ground water extraction wells;

Dredging;

Sheet pile installation and removal;

Soil excavation;

tustallation and operation of *he water treatment facilities;
Materials handling;

Sampling and monitoring activities during operation and main-
tenance.

3.5 Health and Safety Plan

During the design phase, a project Health and Safety Plan for implementa-
tion of the remedial action will be completed and submitted to U.S. EPA for

review.

The plan will comply with the requirements of OSHA for work on

CERCLA sites as contained in 29 CFR 1910.120, Hazardous Waste Operations
and Emergency Response (Interim Final OSHA Rule - December 19, 1986) and
the general OSHA construction requirements, 29 CFR 1926.

The Health and Safety Plan will address the procedural requirements to
protect workers and the general public during the implementation of the
work plan activities at the Waukegan Harbor job site, including an ambient
air monitoring program at the site boundary. The specific work activities
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are described in this work plan and include, but are not limited to, exca-
vation of soils, sheet pile installation and removal, dredging, slurry wall
construction, water sampling, and installation of monitoring wells.

The plan will be revised if site condition changes encountered during the
remedial action work warrant a modification. A1l information presented in
the Health and Safety Plan will be presented to all on-site employees and
subcontractors in a required pre-work training program. Visitors who do
not meet the health and safety requirements for the Site will be allowed on
the Site only if approved by the project manager and accompanied by the
Heaith and Safety Officer.
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4.0 IMPLEMENTATION

4.1 Introduction

The remedial action requires construction of three separate containment
cells to isolate Site soils. Two cells will be located on the north
property grounds of OMC and one cell will be located in the Slip No. 3 area
of the harbor (Figure 1). The West Containment Cell, located on the north
property grounds, will enclose an area which includes the Crescent Ditch
and Oval Lagoon. The East Containment Cell, also located on the north
property grounds, will enclose the eastern portion of the parking lot and
land east of the parking lot. The areas from which soils will be excavated
and placed in each of the containment cells are designated by letter in
Figure 16. For definitional purposes, "select" soils are those soils and
sediments containing PCBs which shall undergo treatment and the term "area"
as used herein shall include the designated vertical extent of excavation.
The Treatment Areas are shown on Figure 16 and are Areas C-I, and M-0,
where soils and sediments will undergo further remediation pursuant to the
separate Treatment Work Plan. The additional excavation Areas A, B, J, K,
L, and X as shown in Figures 13 and 14 will be placed in the West Contain-
ment Cell. The Slip No. 3 Cell will enclose Slip No. 3. The soils target-
ed for containment that are not within one of the three cell locations will
be transported to either the West or Slip No. 3 containment cell.

Select soils from within Slip No. 3 and the West Containment Cell will be
separately isolated for further remediation to significantly and perma-
nently reduce the volume of PCBs present in the soil. The select soils
will be isolated in a separate lined containment area (separate isolation
area, Area W on Figure 13) within the West Containment Cell or remain in-
situ in the West Containment Cell. Treatment of the select soils will be
completed in accordance with procedures and performance standards presented
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in the Treatment Work Plan. The work plan elements for moving the select
soils to the separate isolation area are included in the following sections
of this work plan. Dust control wiil be implemented in accordance with the
design report to minimize airborne transmission of dust containing PCBs
during construction and shall take into consideration the impact of such
dust on permitted outfalls from the OMC facility.

4.2 Site Preparation

Site preparation will include securing the work areas, preparing the site
support facilities, and remov..y vegetation from the work areas. The site
preparation subtasks are as follows:

1. Isolate work areas with six-foot chain-link security fence
(Figure 1);

2. Set up a personnel decontamination facility at each work area;

3. Clear and grub vegetation and root systems (primarily along the
north ditch);

4. Remove dirt from roots and transfer vegetation and roots to the
west containment cell;

5. Construction of a new slip, relocation of OMC’s Slip No. 3 water
intake, and relocation of Larsen Marine’s facilities to the new
slip.
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4.3 Site Control

A1l access to the Site work areas will be limited, pursuant to the project
health and safety plan, Section 3.4. Equipment which is operated in con-
tact with PCB-containing soils and sediments will be decontaminated by
spray washing the equipment with high-pressure water or steam, or by
utilizing the decontamination methods and procedures described in 40 CFR
761.79 prior to leaving an IPC area. A1l personnel who enter a controlled
work area will enter and leave through a decontamination corridor. Soil
and sediments removed from the equipment and all wash waters generated in
the process will be depositeu in the containment cell from which the
equipment is leaving. Specific details for equipment and personnel decon-
tamination will be presented in the remedial action health and safety plan.

Dust control will be implemented in accordance with the design report to
minimize airborne transmission of dust containing PCBs during construction
and shall take into consideration the impact of such dust on permitted
outfalls from the OMC facility.

4.4 New Slip

Before remedial activities begin in the Upper Harbor, a new slip will be
constructed and Larsen Marine business activities will be relocated into
the new slip. The approximate location and shape of the new slip is shown
on Figure 6.

4.4.1 Relocate Pressure Sewer Line

A pressure sewer line from OMC Plant No. 1 currently runs through the
proposed new slip location. The pressure sewer line will be rerouted
around the new slip location before slip construction begins. Figure 6
indicates the approximate location of the current and rerouted pressure
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sewer lines. Water from dewatering for the sewer line work will not be
treated prior to discharging to the ground surface. Sewer construction
will conform to the I1linois Recommended Standards for sewage work and the
Standard Specifications for Water and Sewer Main Construction in Illinois.

4.4.2 Relocate Sand Pile

A large pile of sand lies along the eastern bank of the Upper Harbor and in
the vicinity of the new slip. A portion of this material will be cleared
from the path of the proposed new slip and relocated pressure sewer line.
The cleared material will be relocated to the east side of the remaining
sand pile or spread on the property owned by OMC (Figure 6).

4.4.3 New Slip Construction

An existing concrete footing, lying parallel to the east shore of the Upper
Harbor (Figure 6), will be removed from the proposed slip mouth and dis-
posed of at a solid waste disposal facility approved by U.S. EPA. The new
slip (S1ip 4) will be constructed of steel sheet pile walls. The design of
the sheeting, including tiebacks and structural support, will be complete
early in the design phase to allow for early installation of the new slip.

The new slip will be excavated to an elevation of 568 feet IGL or less.

The specific elevation will be defined in the design phase and confirmed in
accord with the soundings procedures of Section 4.5.3. The excavated soils
(from the new slip) will be spread on property owned by OMC. The existing
Upper Harbor sheet pile wall at the mouth of the new slip will be removed
after excavation of these soils. A cross section of the new slip is shown
on Figure 7.

Boat slips and fuel dispensing equipment will be installed at the new slip
to replace those lost due to construction of a containment cell in Slip
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No. 3. The installation will include new underground fuel storage tanks.
A1l equipment and installation methods for these new fuel tanks will meet
applicable federal, state, and local design standards for underground
storage tanks.

4.4.4- OMC Process Cooling Water Intake

OMC presently draws process cooling water through an intake structure in
Slip No. 3. Prior to closing off S1ip No. 3, the process cooling water
intake will be relocated to the new slip. The proposed route for the new

~

intake line is shown on Figu - 3.

Before closing Slip No. 3, as discussed in Section 4.5.1, the existing Slip
No. 3 intake will be sealed and the new slip intake will be put into
operation. When dredging occurs in the Upper Harbor, the new Plant No. 2
harbor water intake and OMC’s Plant No. 1 harbor water intake will be shut
down. Water will be taken from alternate sources, until the silt curtain
is removed.

4.5 Harbor Area Soil Remediation

Figures 8 and 9 are site plans of the harbor area showing the location of
sand and muck layers to be dredged as part of the remedial action. Dredged
materials from Areas P through V, as shown on Figure 9, will be isolated in
S1ip No. 3. Dredge materials from Areas M through O, as shown on Figure 8,
will be relocated to the separate isolation area (Area W on Figure 13
located in the West Containment Cell). Once dredged materials have been
located in the separate isolation cell, such cell shall be dewatered and
provided with a temporary cover.
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4.5.1 Slip No. 3 Isolation

After the new slip is constructed and the new OMC process cooling water
intake is operational, Slip No. 3 will be isolated from the Upper Harbor by
the construction of a double-walled, braced, and soil backfilled sheet pile
cutoff wall (cutoff wall). The cutoff wall will be backfilled with sand
from the sand pile along the east shore to the Upper Harbor or with other
clean soil with suitable structural properties. The tentative construction
details for this isolating structure are shown on Figure 10.

4.5.2 Slip No. 3 Soil-Bentorite Slurry Wall

After Slip No. 3 is isolated from the Upper Harbor, a soil-bentonite slurry
wall will be installed through the cutoff wall and around the remainder of
Slip No. 3. The slurry wall shall have a thickness of three feet and shall
be keyed into the underlying clay till, in accord with Section 2.1.3.
Figure 10 shows the approximate location of the slurry wall centerline, the
S1ip No. 3 double sheet pile wall, and cutoff wall. Actual locations of
these walls will be submitted to U.S. EPA for review and approval during
final design. No above-ground structures are expected to interfere with
the proposed slurry wall location. Foundation details for the structures
in the immediate vicinity will be reviewed during the design phase to
evaluate support requirements, however, underpinning of structures is not
anticipated.

There are two water craft refueling stations with underground tanks at the
Larsen Marine complex. The underground tanks which are in the way of the
slurry wall will be removed. Such removal shall be in accord with appli-
cable local, state, and federal law ordinances and regulations. The area
will be backfilled with soils from the relocated sand pile. The under-
ground storage tanks and underground piping will be cut up and disposed of
as scrap metal to the extent allowed under applicable local state and
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federal law ordinances and regulations. The tanks and piping will be
checked for leaks or spillage before excavation. If the underground
storage tank system has Teaked, the appropriate remedial actions will take
place and U.S. EPA will be promptly notified prior to construction of the
soil/bentonite slurry wall constructed for containment of Slip No. 3.

During construction of the slurry wall, the abandoned outlet pipe and the
existing cooling water intake pipe at the west end of the north side of
STip No. 3 will be severed and plugged. Existing below ground storm drains
which discharge to S1ip No. 3 will be rerouted outside of the slurry wall
location to discharge into the Upper Harbor. Sections of the storm drains,
outlet pipe, and intake pipe, which are removed during construction of the
slurry wall, will be placed into the east end of Slip No. 3.

Construction of the slurry wall will occur from a clay working platform
along the proposed slurry wall centerline. The bentonite/water slurry
mixing area will be located on OMC property near the new slip and the
slurry will be transported to the slurry wall excavation area via pipeline.
The mixing area for soil-bentonite backfill mix will be located on OMC
property near the new slip with soil transported to and from the site of
the excavation by truck or other methods developed during design. The
slurry wall backfill mix composition will be determined as part of the
design work.

4.5.3 Slip No. 3 Soil Removal

After completion of the Slip No. 3 isolation, the muck layer west of the
gantry crane runway pads, identified as Area O on Figure 8, will be removed
by hydraulic dredging to an elevatior of 565 feet IGL. Different dredging
equipment may be provided for Slip No. 3 and the Upper Harbor. The basis
for the selection will be presented in the design report. For all portions
of the remedial action which require removal by dredging excavation of
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underwater sediments at the site, the following procedures shall be
applicable.

1. Dredging efficiency shall be based on the best hydraulic dredging
equipment available at the time final selection of dredging
equipment is approved by U.S. EPA, and using the best dredging
techniques. The best dredging techniques available shall be
chosen to minimize resuspension and maximize removal efficiency
during dredging.

2. Dredging or excavating will be compieted to the designated eleva-
tions listed herein and in accord with additional guidelines
established during design and detailed in the Design Report. The
designated elevations are the elevations believed to achieve
excavation to the sand or till layer. During the design phase,
the elevation of the sand layer and the till layer will be con-
firmed by probing and set forth in the Design Report. A sampling
procedure for post-dredging soundings will be submitted to U.S.
EPA for review and approval as part of the remedial action QAPP.
The post-dredging soundings are intended to verify that the
excavation to the elevation of the sand or till layer has been
achieved. If said elevation has not been achieved, additional
excavation will be done until said elevation is reached.

3. Bottom samples will be recovered to verify that the designated
completion layer was encountered.

4. For excavations solely on land portions of the site, excavations
to the designated grade lines will be confirmed by established
land surveying techniques.
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After the completion of the dredging of Areas N and 0, a cofferdam or
equivalent isolating structure will be constructed at the west end of Siip
No. 3 to enclose the sand within Areas M and N of Figure 8, and to provide
temporary support for the soil/bentonite containment cell during excava-
tion. The type of temporary support structure will be determined during
the design phase. The soils within Areas M and N will be removed by
hydraulic dredging or some other method identified in the design report as
approved by U.S. EPA to the designated elevations established during the
design phase. Removal will be complete when such designated elevations
have been confirmed by the verification procedures outlined in paragraph 2,
above.

The select soils (Areas M, N, and 0) removed from Slip No. 3 will be trans-
ported to the separate isolation area (Area W on Figure 13), in the West
Containment Cell. Transportation procedures will be presented in the final
treatment design, treatment work plan. The water generated during movement
of the soils to the separate isolation area will be returned directly to
Stip No. 3 by pumping without treatment. The separate isolation area will
be covered with a temporary cover once dredging is complete in Areas M, N,
and 0, and the sediments are being dewatered. The design of the separate
isolation area will be completed during the design phase.

4.5.4 Upper Harbor Sediment Removal

The Upper Harbor will be dredged, using hydraulic methods, to the eleva-
tions and boundaries indicated on Figure 9. The excavated soils and sedi-
ments will then be placed in the Slip No. 3 Containment Cell. In no case
will dredging occur that would effect the structural integrity of the wall.
Dredging will be in accord with the requirements found in Section 4.5.3.

To prevent the movement of suspended particles and floating oil from the
Upper Harbor during dredging operations, a silt curtain and oil boom will
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be installed at the southern end of the Upper Harbor and at the mouth of
the new slip prior to dredging activities in the Upper Harbor. A surface
0il skimmer or such similar device will be used to collect oil that may
accumulate on the water surface during the dredging operations. Water from
the Upper Harbor dredging will be removed from Slip No. 3 with an overflow
weir and treated by coagulation and filtration before discharge back to the
harbor. Water may also be removed from beneath the sediments placed in
STip No. 3 during dredging by the operation of dewatering wells screened in
the sand. The dewatering well option provides a means to accelerate the
consolidation of the sediments placed in Slip No. 3. The Design Report
will include a plan for monitoring the Harbor during dredging and a plan
for specifying actions to be undertaken in the event of significant move-
ment of suspended solids and floating oil beyond the silt curtain.

Upon completion of the Upper Harbor dredging, the Upper Harbor will be
treated with a coagulant to settle suspended sediment particles. The
coagulant used will meet American Water Well Association (AWWA) water
treatment standards and is subject to U.S. EPA approval. The silt curtains
will be removed no sooner than 48 hours following the coagulant treatment.

4.5.5 Dewatering Slip No. 3

STip No. 3 will be dewatered continuously upon completion of the Upper
Harbor dredging. The dewatering will allow consolidation of the dredged
materials relocated to the slip so that the Slip No. 3 containment cell may
support a closure cover. Adequate consolidation is estimated to require up
to two years. The consolidation of the cell contents will be monitored
continuously relative to benchmarks Tocated at the Site. A protective soil
cover of at least 3 inches will be maintained on the cell during consolida-
tion to minimize exposure of the contained materials. Water will be ex-
tracted during consolidation by a system of extraction wells installed
through the temporary cell cover or through other appropriate drainage
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measures considered during the design phase. The extracted water will be
treated in accordance with the requirements of Section 4.6.14.2 prior to
discharge to the Upper Harbor.
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4.5.6 Slip No. 3 Closure

STip No. 3 will be closed after at leas. 30 percent primary consolidation
of the dredged soils. Ninety percent consolidation will be determined in
accordance with the procedures presented in the design report. After
completion of consolidation, extra fill will be added, if needed, to bring
the backfilled slip to desired grade before placing the final cover. This
elevation shall be established during the design phase and documented in
the design report and specifications. The final cover will be one to

four feet above surrounding land surface to provide water runoff and

. diversion away from the IPC.

The ground water extraction wells and piezometers will be installed in the
containment cell prior to placing the containment cell cap. The extraction
wells and piezometers will be screened in the sand at the bottom of the
containment cell.

The containment cell will be closed by installing an impermeable protective
cover over the entire cell. The extraction wells and piezometers will
protrude through the cover. The final cover may include a surface covering
compatible with limited land surface usage after completion of the closure.
Examples of the cap details for both vegetative and asphalt covers are
shown on Figure 14 and are applicable to all three containment cell caps.
The cover design will comply with the design criteria set forth in Table 1
and RCRA regulations as outlined in 40 CFR 264.310. Surface water runoff
from the cover will be directed to the Upper Harbor by lined drainage
ditches. Monitoring wells, which are paired to the piezometers inside the
cell, will be installed outside of the cell, Section 4.7. After completion
of the final cover, the chain-link fence will be removed.
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4.6 North Property Grounds

Two containment cells will be constructed on the North Property Grounds
area.

Figures 11 and 12 are site plans of the west and east portions of the north
property grounds, respectively, showing the location of the two containment
cells and the known utilities. Figures 13 and 14 are site plans of the
west and east portions of the north property grounds, respectively, showing
the location of the soils requiring remedial action. Areas C through I on
Figure 13, are select soils and sediments which will be excavated and
treated. A1l other soils in the north property grounds area (Areas A, B,
J, K, L, and X) will be placed in the West Containment Cell.

4.6.1 Crescent Ditch and Oval Lagoon Bypass Ditch

OMC’s process cooling water discharges to the east end of the Crescent
Ditch, and a storm drain, which serves off property acreage, enters at the
west end of the Crescent Ditch. Waters from the Crescent Ditch discharge
to the North Ditch via the Oval Lagoon. Since the West Containment Cell
will enclose the Oval Lagoon and the Crescent Ditch, the storm drain and
process cooling water discharge will be rerouted around the Crescent Ditch
prior to installing the West Containment Cell slurry wall (see Figures 13
and 11, respectively).

The storm drainage which feeds the west end of the Crescent Ditch will
bypass the west and north side of the proposed containment cell location
through a covered culvert and connect with the existing east-west portion
of the North Ditch (see Figure 13). The culvert will be backfilled to
grade with excavated soils which have been removed from the area to install
the culvert. The soils in Areas A and B (See Figure 13) will be excavated
and placed within the West Containment Cell during excavation of the bypass
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ditch. Areas A and B will be backfilled to original elevation with clean
fill taken from the bypass ditch excavation or the new slip excavation.
Dewatering will occur during the excavation of Areas A and B to facilitate
the excavation and prevent the movement of materials suspended in the
surface water. Dewatering will consist of withdrawing the surface water by
sumping from the area of excavation until the excavation and backfilling
are completed.

4.6.2 Sheeted Area and Separate Isolation Area

The soils and sediments in Area D (Figure 13) will be isolated with steel
sheeting driven to the clay till. The select soils in Area D are
approximately 25 feet deep and the steel sheeting will facilitate the
excavation of these soils prior to their treatment.

A separate isolation area, Area W on Figure 13 for temporary containment of
select soils from S1ip No. 3 and Area C, will be constructed within the
West Containment Cell after installing the West Containment Cell slurry
wall (Figure 13). The separate isolation area will be constructed within
the West Containment Cell by pushing the soils out from the center of the
area to form a surrounding dike and placing an impermeable synthetic liner
within this area.

The dike surrounding the separate isolation area will prevent run-on and
run-off of surface water. The liner will provide a barrier to separate the
select soils from the other soils within the West Containment Cell. The
liner is a temporary barrier to prevent the introduction of water from Slip
No. 3 into the West Containment Cell during dredging of select soils from
Slip No. 3. The liner will likely be damaged during the excavation of the
select soils for treatment and is not intended as a permanent barrier. An
underdrain system will be installed above the Tiner at the bottom of the
area and a weir system will be constructed within the area to aid the
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dewatering of select soils. Soils may be excavated from the northwest
portion of the West Containment Cell, shown as Area W on Figure 13, to
provide additional containment volume ... the separate isolation area.
Because soil from Area W has less than 50 ppm PCBs, soil excavated from
Area W will be stockpiled outside of the West Containment Cell, in
accordance with the Design Report approved by U.S. EPA.

Because Area C is near the slurry wall centerline, the soil will be exca-
vated and placed inside the separate isolation area of the West Containment
Cell or in the sheeted Area D before the West Containment Cell slurry wall
is installed (Figure 13). Area C will be backfilled with non-select soils
from within the West Containment Cell boundary.

Dewatering will occur during the excavation of Area C to facilitate the
excavation and maintain an inward hydraulic gradient of ground water to the
area of excavation. Dewatering will consist of withdrawing the surface
water from temporary sumps in the area of excavation until the excavation
is completed. A1l withdrawn water will be treated in the construction
water treatment facility (Section 4.6.12) prior to discharge to North
Ditch. ’

4.6.3 Reroute Sewer Line Around West Containment Cell

A sanitary sewer line currently runs through the proposed West Containment
Cell Tocation. The sewer line will be rerouted around the southern side of
the containment cell (see Figure 11). Excavation work for rerouting the
sewer line will only occur outside of the containment cell. This excava-
tion work will require dewatering.
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4.6.4 West Containment Cell Slurry Wall

A working platform consisting primarily of clay will be constructed along
the slurry wall centerline after Areas A, B, C, and J are excavated and
backfilled with clean material from the bypass ditch excavation or the new
slip excavation. Construction of the slurry wall will occur from this
working platform.

4.6.5 West Containment Cell Closure

Ground water extraction wellc and piezometers will be installed in the
containment cell prior to capping the containment cell.

The West Containment Cell will be closed by installing an impermeable
cover over the entire cell. The extraction wells and piezometers will
protrude through the cover. The final cover may include a surface covering
compatible with limited Tand surface usage after completion of the closure.
Examples of the cap details for both vegetative and asphalt covers are
shown on Figure 14 and are applicable to all three containment cell caps.
The final cover will comply with the design criteria in Table 1 and RCRA
regulations as outlined in 40 CFR 264.310. Monitoring wells, which are
paired to the piezometers inside the cell, will be installed outside of the
cell, Section 4.7. After completion of the final cover, the chain-link
fence will be removed.

4.6.6 Reroute Storm Drain and Sewer Line Around East Containment Cell

A storm drain at the east end of the parking lot and a sewer line currently
run through the proposed East Containment Cell area. The sewer line and
storm drain will be rerouted around the East Containment area, as shown on
Figure 12. Al1 sewer construction work will conform to the Illinois
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Recommended Standards for Sewage Work and the Standard Specifications for
Water and Sewer Main Construction in Illinois.

4.6.7 Gas Main

A high pressure natural gas main is presently located within the East
Containment Cell (Figure 12). The gas main will be rerouted around the
proposed containment cell location.

4.6.8 Miscellaneous Surface Soil Excavation

Area L will be excavated and backfilled with clean soils from the bypass
ditch excavation or the new slip excavation. The excavated soils will be
placed inside the West Containment Cell. Confirmation of excavation shall
be in accordance with the procedures in Section 4.5.3.

4.6.9 East Containment Cell Slurry Wall

The proposed East Containment Cell slurry wall location is shown on
Figures 12 and 14. A clay working platfcrm will be constructed along the
slurry wall centerline after the storm drain, sewer line and gas main are
rerouted. Slurry wall construction will begin by installing the clay
working platform along the proposed slurry wall centerline. Construction
of the slurry wall will occur from this working platform. Portions of the
storm drain, sewer line, and gas main pipes crossing the slurry wall will
be removed. Other sections of these pipes will be abandoned in place.

4.6.10 FEast Containment Cell Closure

Ground water extraction wells and piezometers will be installed in the
containment cell prior to capping the containment cell.
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The East Containment Cell will be closed by installing an impermeable cover
over the entire cell. The extraction wells and piezometers will protrude
through the cover. The final cover may include a surface covering compati-
ble with limited land surface usage after completion of the closure.
Examples of the cap details for both vegetative and asphalt covers are
shown on Figure 14 and are applicable to all three containment cell caps.
The final cover will comply with the design criteria of Table 1 and RCRA
regulations as outlined in 40 CFR 264.310. Monitoring wells, which are
paired to the piezometers inside the cell, will be installed outside of the
cell, Section 4.7. After completion of the final cover, the chain-link
fence will be removed.

An erosion barrier which will be placed along the south shore of the North
Ditch adjacent to the East Containment Cell to prevent erosion of the soils
adjacent to the north face of the slurry wall. This barrier will be
designed during the design phase.

4.6.11 Excavate North Ditch Soils

Soils in the North Ditch (Area K on Figures 13 and 14) will be excavated to
Elevation 577 feet for a typical depth of 3 feet below the bottom of the
ditch. This elevation will be confirmed by the procedures outlined in
Section 4.5.3. The North Ditch will be isolated in sections by installing
sheet piling across the ditch. The excavated soils will be placed within
the West Containment Cell. The excavated areas will be backfilled to
original elevation with sand from the sand pile adjacent to the Upper
Harbor area shown on Figure 6. All water withdrawn from the immediate area
surrounding Area K will be treated in the construction water treatment
facility (Section 4.6.12) prior to discharge into the North Ditch. Excava-
tion of the North Ditch will commence at the west end and extend eastward
to the location directly south of the North Shore Sanitary District
(N.S.S.D.) outfall structure. Water upstream of the work area will be
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passed around the work area and returned to the North Ditch immediately
downstream of the work area. The bypassing water will not be treated.

4.6.12 Construction Water Treatment Facility

A short-term water treatment facility will be constructed for treating
water generated during the remedial construction activities. The facility
will consist of two separate systems; a sand filter system for treating
Upper Harbor dredge water from Areas P through V of Figure 13 (dredge water
system, also referred to as Category 1 water in Section 4.6.14) and two
systems for ..2ating other w.t2r generated during implemenation of the
work. These waters are described as Category 2, Category 3, and Category 4
waters in Section 4.6.14. The maximum design flow rate for each system
will be submitted in the design report.

The system for treatment of Category 2, Category 3, and Category 4 water
shall consist of a multi-stage process where sediments are removed by a
filtration step using sand filtration, or other filter media. Following
the filtration, the water will pass through an activated carbon adsorbtion
filter which will act as the polishing step of the treatment process.

A1) sand and accumulated sediments from the short-term water treatment
facility shall be disposed of the West Containment Cell or Slip No. 3
Containment Cell.

A1l lines leading to the water treatment facility and located outside the
containment cell, as well as the water treatment system components, will
include secondary containment to protect against potential line ruptures.
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4.6.13 long-Term Water Treatment Facility

The short-term system for treating Category 2, Category 3, and Category 4
water will be replaced with a smaller permanent system capable of treating
water from the containment cells. The capacity of the smaller system will
be determined during the design phase.

The long-term treatment facility shall consist of primary and secondary
carbon contactors and may include a pre-filter step using cartridge fil-
ters. Treated water will be discharged to the west end of the North Ditch
or the Upper Harbor or the North Shore Sanitary Cistrict.

A1l Tines leading to the water treatment facility and located outside the
containment cells, as well as the water treatment system components, will
include secondary containment to protect against potential line ruptures.
A1l exhausted treatment units from the long-term water treatment facility
will be properly disposed of off-site in accordance with applicable state,
federal, and local laws, ordinances, and regulations.

4.6.14 Water Treatment Criteria

The purpose of this section is to establish discharge criteria and operat-
ing conditions for the water discharge conditions described below.

1. Treatment systems for treating discharges;

2. Method of analysis for verifying PCB concentrations;

3. Effluent Timits;

4. Locations of discharge.
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Water produced as a result of implementation of the Work can be separated
into five different categories. These categories are the following:

1. Category 1 water is produced during the dredging of the Upper
Harbor;

2. Category 2 water is produced during the dewatering of Slip No. 3;

3. Category 3 water is produced during the relocation of any site
utilities located within containment areas, the construction of
the East and West Concainment Cells, and dewatering during
excavation of the North Ditch;

4. Category 4 water is generated as a result of treatment of selected
soils;

5. Category 5 water is generated during the operation and maintenance
of extraction wells within the three containment cells.

Each category of water will meet specific discharge criteria. The criteria
noted are applicable for discharge to the harbor or North Ditch. In the
event that certain effluent levels are not met, best management practices
will be initiated to optimize treatment of the discharge stream.

For each preceding category of water, PCB sampling required herein shall be
conducted and analyzed in accordance with U.S. EPA Method 608. All data
generated in the course of analyzing any sample shall be maintained and
submitted to the U.S. EPA. At no time shall any treatment works be by-
passed. The treatment systems set forth herein shall be constructed,
operated, and maintained so as to minimize violation of the established
effluent limit during such contingencies as floods, adverse weather, power
failure, and equipment failure through such measures as may be appropriate.
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In the event of an exceedance of the effluent limits, U.S. EPA must be
notified within 24 hours. All necessary corrective action measures will be
undertaken to achieve the established limits. Details on sampling protocol
will be submitted in the Design Report and Remedial Action QAPP to be
approved by U.S. EPA.

4.6.14.1 General Requirement for Design Report

The detailed specifications for construction of the Category 1 sand filter
water treatment system, the Category 2, Category 3, and Category 4 short-
term water treatment facilities and the Category 5 long-term ::-*2r treat-
ment facilities shall be submitted for approval as part of the Construction
Drawings and Specifications required under Section 3.1 hereof. The maximum
design flow rate for each system will be submitted in the Design Report.

In addition, the Design Report will identify any chemicals used as part of
the treatment process which may appear in the water and the method of
treating such chemicals. The Design Report shall recommend the appropriate
discharge limit for any such chemicals, but the final discharge limit shall
be subject to approval by U.S. EPA and IEPA.

4.6.14.2 Specific Water Discharge Requirements

This section presents the specific discharge and monitoring requirements
for the water produced by the water treatment systems described above.

Except for the final effluent monitoring requirements, monitoring for PCBs
at any point within a treatment system, stated in the following paragraphs,
may be reduced upon a demonstration that such monitoring is not necessary
to assure compliance with the effluent limitation and discharge goals
stated in the following paragraphs. Said demonstration may be made as part
of the Design Report or at any later time utilizing all available
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information on said treatment system. Such request shall be submitted to
U.S. EPA for approval.

Category 1 - Upper Harbor Water

The Upper Harbor water is the water which is treated and returned to the
Upper Harbor during the Upper Harbor dredging activities. The preliminary
design of the Upper Harbor water treatment facility includes two 500 gpm
gravity feed sand filters, each with a design filter loading of ,
approximately 2 gpm/ftz. Each sand filter will be approximately 16 feet
square and have a 3-foot-thick bed. The filter bed will be manually
cleaned. If the pre-design phase settling tests indicate that significant
sediment accumulation will occur on the sand filter, the sand filter design
will incorporate backflushing capability. If backflushing systems are
provided, then the filter loading may be increased up to 5 gpm/ftz. If
necessary, a polymer coagulant will be added to aid in the sedimentation
and filtration process.

During operation, the sand filter effluent stream will be sampled daily and
analyzed for PCBs in the shortest time practical not to exceed 72 hours.
The discharge shall not exceed 15 ppb. If the effluent concentration is
equal to or greater than 5 ppb PCBs, best management practices will be
undertaken to reduce the discharge level to less than 5 ppb. The manage-
ment practices shall be specified in the Design Report and may consist of
adding additional coagulant to the dredged water, adding activated granular
carbon or powdered carbon to the filter bed, or reducing the filter bed
surface loading.

Cateqory 2 - Slip No. 3 Dewatering Water

The S1ip No. 3 dewatering water is the water removed from Slip No. 3 after
the Upper Harbor dredging is compiete and before placing the final cap.
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The discharge location into the Upper Harbor shall be specified in the
Design Report. Water treatment will include pressure sand filtration with
backflush capability and activated carhon adsorption through two carbon
adsorption units connected in series. Based on a preliminary design, the
sand filter will have a 50 gpm capacity and a bed loading of 3 gpm/ftz.
Each carbon adsorption unit (carbon unit) will provide a 15-minute empty
bed contact time. The Design Report will indicate if a polymer coagulant
is necessary to aid in settling and filtering.

During operation, the effluent from the lead carbon unit will be sampled on
a daily basis. The influent to the sand filter will be sampled once per
week. All samples will be analyzed fu. PCBs and the results available in
the shortest time practical, not to exceed 72 hours using a detection level
of 0.1 ppb PCBs. If the lead carbon unit effluent concentrations is equal
to or greater than 1 ppb PCB on two consecutive days, the following shall
be done promptly:

1. The influent to the sand filter will be sampled and analyzed; -

2. The lead carbon unit will be removed;

3. The second carbon unit will be switched to the lead position;

4. A new carbon unit will be installed as the second carbon unit.
Analysis of the influent to the sand filter will indicate any significant
change in the untreated water quality. At no time shall the effluent from

the second carbon unit exceed 5 ppb. The effluent from the second carbon
unit shall be sampled on a weekly basis.
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Category 3 - North Property Grounds Dewatering Water

The north property grounds dewatering and construction operations water is
the water requiring treatment which is removed from the West Containment
Cell, North Ditch, and any other areas within the containment cells during
construction activities and before installing the final caps. The north
property grounds water treatment facility will have a design capacity of
100 gpm and a bed loading of 3 gpm/ftz.

Each carbon unit will provide a 15-minute empty bed contact time. The
Design Report will “ndicate *€ a polymer coagulant is necessa., to aid in
settling and filtering.

During operation, the effluent from the lead carbon unit will be sampled on
a daily basis. The influent to the sand filter will be sampled once per
week. A1l sampies will be analyzed for PCBs and the results available in
the shortest time practical, not to exceed 72 hours using a detection level
of 0.1 ppb PCBs. If the lead carbon unit effluent concentration is equal
to or greater than 1 ppb PCB on two consecutive days, the following shall
be done promptly:

1. The influent to the sand filter will be sampled and analyzed;
2. The lead carbon unit will be removed;

3. The second carbon unit will be switched to the lead position;
4. A new carbon unit will be installed as the second carbon unit.

¥

Analysis of the influent to the sand filter will indicate any significant
change in the untreated water quality. At no time shall the effluent from
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the second carbon unit exceed 5 ppb. The effluent from the second carbon
unit shall be sampled on a weekly basis.

Category 4 - Soil Trectment Processor Water

A1l process water generated by the soil treatment equipment will be
treated. The treatment plant process equipment will include a settling
tank/oil separator, sand filtration, and two carbon adsorbers connected in
series. The flow from the processor is dependent on the water content of
the processed soil and is expected to be approximately 5 to 10 gpm. The
influent to the Category 4 system will be monitored on a weekly basis.

The effluent from the lead carbon unit will be sampled on a daily basis and
analyzed for PCBs and the results available on a 72-hour turnaround basis.
Category 4 water shall be discharged to the North Shore Sanitary District
upon approval by the District, and by U.S. EPA and IEPA. If, in the event
Category 4 water is not discharged in this manner, said water may be
discharged on-site at a location approved by U.S. EPA.

The treatment system shall be designed to achieve PCB concentration in the
effluent no greater than 1 ppb. The average concentration of PCBs in the
final effluent for Category 4 water shall not exceed a running average of

1 ppb during a 30-day period during which water is generated and at no time
shall the effluent exceed PCB concentrations greater than 5 ppb.

Categor - -T Water

The long-term water is the water extracted from each closed containment
cell. The long-term water treatment facility will be a cartridge filter
and two carbon adsorption units connected in series. For the first
completed containment cell, when the system is running continuously, a
sample will be taken weekly for the first six months, then monthly for the
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next six months (if approved by the U.S. EPA), then quarterly thereafter
(if approved by U.S. EPA), at a sample point at the influent to the
treatment system and also between the two carbon units. If the long-term
water treatment system is operated on an intermittent basis, at least one
water sample will be collected between the two carbon units at both the
start and the end of the operation. Samples shall be analyzed for PCBs.

If it is established through this monitoring program that the treatment
system for the first containment cell is operating efficiently to meet said
discharge 1imit, then a request may be made to reduce the sample frequency
and number of samples for the first, s~-ond, and third containment cells.
The frequency sampling schedule may also be modified, following approval by
U.S. EPA in the event the discharge occurs to the North Shore Sanitary
District.

If the sample equals or exceeds 1 ppb, two additional samples will be
collected within two weeks thereafter. If all three samples exceed 1 ppb,
the following will be done promptly:

1. The lead carbon unit will be removed;

2. The second carbon unit will be switched to the lead position;

3. A new carbon unit will be installed as the second carbon unit;

4. The cartridge filter element will be replaced.
The average concentration in the final effluent of Category 5 water dis-
charged shall not exceed a 1 ppb 30-day running average when water is
generated. The final effluent shall be sampled monthly. Category 5 water

may be discharged to the North Shore Sanitary District if the District and
U.S. EPA and IEPA approve such discharge. Such approval shall not be
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unreasonably withheld. In the event Category 5 water is not discharged to
the District, said water may be discharged on-site at a location approved
by U.S. EPA. Category 5 water shall be governed by the Operation and
Maintenance Plan after one year following completion of the final cap for
each containment cell.

4.7 Containment Cell Monitoring Wells and Piezometers

At lTeast four monitoring wells and four piezometers will be installed
around each of the containment cells. The piezometers will be installed
prior to ..using the cel’-. The monit~ring wells will be installed as soon
as possible after the slurry walls are completed. A schedule for install-
ing wells will be established in the Design Report. The wells and piezome-
ters will be installed across from each other with the wells at least five
feet outside the slurry wall and the piezometers approximately five feet
inside the slurry wall. The preliminary locations for the wells and piezo-
meters around the Slip No. 3, East and West Containment Cells are shown on
Figures 2, 3, and 4, respectively. The monitoring wells will have at least
a 5-foot section of No. 10 slot screen and will be constructed of 2-inch-
diameter Schedule 5 Type 316 stainless steel. The piezometers will have a
5-foot section of No. 10 slot screen and will be constructed of 1-inch-
diameter Schedule 80 PVC.

The actual number of piezometer and monitoring well pairs required will be
proposed in the Design Report. The monitoring points will be adequate for
accurate measurements of the piezometric level inside of each containment
cell when it is dewatered by the extraction wells.

4.8 Ground Water Extraction Wells

A series of extraction wells will be placed in each containment cell prior
to placing the final cover. The location and number of wells will be
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proposed in the Design Report based on the three-dimensional modeling of
the flow patterns around each containment cell under a constant dewatering
condition. The extraction wells will be used to dewater the containment
cells and maintain an inward hydraulic gradient. The procedures for
extraction well installation will be prepared during the design phase.



Section: 5.0

Revision No.:

Date: August 22, 1988
Paje: 60

5.0 SCHEDULE

The schedule for the design activities is provided in Table 2, and the
schedule for construction activities is provided in Table 3.
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TABLE 1
DESIGN CRITERIA

A. Containment Cell Bottom Seils

B.

1.

2.

3.

The soil thickness is greater than or equal to four feet.

The flow through the bottom is less than the flow through four
feet of soil with a permeability of 1 x 10'7 cm/sec.

Greater than 30 percent of the soil is finer than a No. 200 sieve.

Soil-Bentonite Slurry Walls

1.

2.

3.

4.

5.

The slurry wall will be a minimum of three feet thick, and will be
at least 1/2-foot-thick for each 10 feet of hydraulic head across
the wall.

The slurry walls will be keyed into cell bottom soils such that
the flow underneath the wall through the clayey in-situ soils is
Tess than or equal to the flow directly through the soil-bentonite
sturry wall. The minimum depth of penetration of the slurry wall
key will be three feet into the clayey till below any permeable
lenses, weathered zones, desiccation cracks, or other geologic
features that might permit seepage under the well.

The slurry walls will have an in-situ permeability less than or
equal to 1 x 1077 cm/sec.

The slurry backfill mix must be compatible with site ground water
and ground water that has contacted soils containing PCBs.

Slurry walls will have a minimum of a five-foot overlap at
corners,



TABLE 1

DESIGN CRITERIA
(Continued)

A11 slurry walls will be constructed vertically.

Slurry levels will be maintained at least two feet above the
ground water table during construction.

B. Soil-Bentonite Slurry Walls (Continued)
6.
7.

C. Containment Cell Cover

The top of the containment cell will be at least 2 feet above the
monthly mean 100-year lake level (40 CFR 761.75).

Containment cell cover design shall comply with the RCRA
regulations, as outlined in 40 CFR 264.310.

A topsoil cover, if used, will be a minimum of 6 inches thick.
The slope of a cover will be between one and five percent.

The cover will have a surface drainage diversion system around the
perimeter of the cap.

The drainage layer below the top of the cap will have a hydraulic
conductivity of greater than 1 x 1072 cm/sec.

If a topsoil cover is used, the drainage layer will be overlain by
a filter media.

The bottom layer will be located two feet below ground surface and
will have a slope of at least two percent.

The bottom layer will consist of a synthetic liner with a minimum
of 40 mil thickness.



TABLE 1

DESIGN CRITERIA
(Continued)

D. Slip No. 3 Reguirements

1. The side of the Slip No. 3 containment exposed to the harbor will
be protected from erosion and damage due to collision of boats.

2. The slurry wall on the east side of the Slip No. 3 containment
cell will be protected from frost action.



TABLE 2
DESIGN SCHEDULE

Start Time After

Task Entry of Decree
Pre-design data collection as set forth 15 days

in Section 2 of the IPC Work Plan

Construction drawings in accordance with 75 days
Section 3.1 of the IPC Work Plan, construc-
tion specifications in accordance with
Section 3.2 of the IPC Work Plan, and
applicable sections of the Design Report
&n ;cg?rdagce with Section 3%3 gf the ch
or an for construction of the new sli
as ;pgﬁified in Section 4.4 of the'TTTf='JL’
or an.

Construction drawings in accordance with 135 days
Section 3.1 of the IPC Work Plan, construc-

tion specifications in accordance with

Section 3.2 of the IPC Work Plan and

applicable sections of the Design Report,

for construction of water treatment systems

as specified in Section 4.6.12, 4.6.13, and

4.6.14 of the IPC Work Plan.

Submission of De;igg_ggggrtl 105 days

1Design Report shall mean:

1.

~ O un

Submission Date
From Start Time

210 days

90 days

90 days

180 days

Construction drawings in accordance with Section 3.1 of the IPC Work Plan and
construction specifications in accordance with Section 3.2 of the IPC Work Plan
for construction of the East, West, and Slip No. 3 Containment Cells as

specified in Sections 4.5 and 4.6 of the IPC Work Plan;

The Design and Analysis Report (Section 3.3 of the IPC Work Plan);

The Remedial Action Quality Assurance Project plan (Section 3.4 of the IPC Work

Plan);

The Remedial Action Health and Safety Plan (Section 3.5 of the IPC Work Plan);

The Treatment Design and Operations Plan;
The Treatment Quality Assurance Plan;

The Treatment Health and Safety Plan.

’,'
hl



TABLE 3
CONSTRUCTION SCHEDULE!

Task

Construction of new slip as specified
in Section 4.4 of the IPC Work Plan

Construction of water treatment facili-
ties as specified in Section 4.6.12 of
the IPC Work Plan

Construction of West Containment Cell
(without cap) as specified in

Sections 4.6.1, 4.6.2, 4.6.3, and 4.6.4
of the IPC Work Plan

Construction of Slip No. 3 Containment
(without cap) and soil removal from

S1ip No. 3 as specified in Sections 4.5.1,
4.5.2, and 4.5.3 of the IPC Work Plan

and commencement of dewatering as
specified in Section 4.5.5 of the IPC
Work Plan.

Dredge Upper Harbor2 as specified in
Section 4.5.4 of the IPC Work Plan

Complete and submit pilot test pursuant
to Section 4.1 of the Treatment Design
and Operation Plan

Excavation of select soil from North
Property Grounds (Section 4.6 of the IPC
Work Plan) and treatment of select soils
and sediments as specified in Treatment
Work Plan

Excavation of North Ditch as specified in
Section 4.6.11 of the IPC Work Plan

Construction and closure of East Contain-
ment Cell as specified in Sections 4.6.6,
4.6.7, 4.6.9, 4.6.10, and 4.7 of the

IPC Work Plan

Completion
Start Time From Start Time
Within 60 days of 150 days
approval of design of
new slip
Within 120 days of 90 days

approval of design of
water treatment facilities

Within 60 days of approval 180 days
of design of West Contain-

ment Cell

Within 15 days of complet- 210 days
ing new slip (Task 1)

Within 15 days of complet- 90 days

ing S1ip No. 3 containment
(Task 4)

Within 180 days of commencing construction
of Slip No. 3 containment (Task 4)

Within 15 days of complet-
ing Slip No. 3 containment
(Task 4) or within 15 days
of aEprova1 of pilot test
(Task 6) pursuant to

Section 4.1 of the Treatment
Design and Operation Plan.

300 days

Within 210 days of complet- 90 days
ing Slip No. 3 containment

(Task 4)

Within 15 days of complet- 150 days

ing North Ditch Excavation
(Task 8)



10.

11.

TABLE 3

CONSTRUCTION SCHEDULE!
(Continued)

Task

Closure of the West Containment Cell as
specified in Sections 4.6.5, 4.6.8, and
4.7 of the IPC Work Plan

Closure of the Slip No. 3 cell as
specified in Sections 4.5.6 and 4.7 of
the IPC Work Plan

Notes:

Completion
Start Time From Start Time
Within 15 days of comple- 60 days

tion of either North Ditch

- Excavation (Task 8) or soil

treatment (Task 7), which-
ever is completed last

Within 60 days of time at
which primary consolida-
tion reaches 90 percent

120 days

1Start times and completion times may be extended up to 120 days due to winter
shutdown between December 1 and March 30.
December 1, when weather conditions do not permit continuation of the work under

normal work conditions.
shutdown.

during the winter shutdown.

2

Winter shutdown shall only occur after

Notice shall be given to U.S. EPA and IEPA of winter
Aspects of the work not affected by the winter shutdown shall continue

Start times and completion times for Upper Harbor dredging are based upon initiating

dredging activities in the fall and having 90 days for dredging between October 1

and April 30.
as required to meet this limitation.

Start and completion times for Upper Harbor dredging will be extended
Dredging of Upper Harbor beyond April 30 will

occur only if such dredging will not conflict with the boating season as regulated
by the Waukegan Port Authority.
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OPERATION AND MAINTENANCE PLAN
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

This document constitutes the Operation and Maintenance (0&M) Plan for the
Waukegan Harbor Site (Site).

When the remedial activities at the Site are complete, three separate soil-
bentonite wall-enclosed containment cells with covers, ground water extrac-
tion wells, ground water piezometers, ground water monitoring wells, and a
water treatment facility will be operated and maintained. The three con-
tainment cells are shown on Figure 1 and are designated as the Slip No. 3
Containment Cell, West Containment Cell, and East Containment Cell. The
containment cells will encompass areas of 1.5 acres, 3.4 acres, and

5.5 acres, respectively, and will be covered with a combination of bitumi-
nous concrete and vegetative covers. Table 1 summarizes the composition of
each cell cover. Ground water extraction wells in each containment cell
will provide an inward hydraulic gradient by maintaining the water level
within the cell at a lower hydraulic level than the natural ground water
level outside the cell. Piezometers within each cell will be paired with a
ground water monitoring well outside the cell. The monitoring well/piezo-
meter pairs will be used to monitor the hydraulic gradient across each
containment cell boundary. The ground water monitoring wells will also be
used for obtaining samples of the ground water immediately outside of each
containment cell soil-bentonite wall. The ground water treatment facility
will treat the ground water extracted from each containment cell prior to
discharge into Lake Michigan.

The operation and maintenance of the water extraction and treatment system,
containment cell caps, and ground water monitoring system will continue for
the period provided by Section V.D.9 of the Consent Decree. The program
will include a regular inspection and monitoring schedule as described in
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the following section. An indication of PCBs in the monitoring well system
will be assessed under the compliance procedures in Section 4.0, and if the
results indicate the soil-bentonite wail is failing to operate as designed,
the wall will be repaired subject to approval of the United States Environ-
mental Protection Agency (U.S. EPA). The operation and maintenance program
is subject to modification pursuant to Section V.D.9 of the Consent Decree.
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2.0 MAINTENANCE OF FINAL COVER AND INSPECTION

The top surface of the final cap will consist of either bituminous concrete
or top soil overlying a synthetic drainage layer and an HDPE synthetic
Tiner. The top surface of the cap will be inspected in accordance with the
following schedules, and repairs will be completed as soon as practical,
weather conditions permitting, after discovery of need for repair. Inspec-
tions will provide a regular documented method of insuring the integrity of
the protective cover.

2.1 Inspection Schedule

If a bituminous concrete cover is installed, it will be inspected each
spring during the post-closure care period. Cracks will be sealed with
asphalt sealer. Potholes or other deterioration of the asphalt surface
will be repaired using procedures recommended by the Asphalt Institute in
MS-16 (Asphalt Pavement Maintenance, 1967).

If a vegetation and topsoil cover is installed, it will be mowed twice per
growing season and fertilized annually in the spring of each year during
the post-closure care period. In addition, the vegetative cover will be
inspected every three months during the first two years after completion of
closure, semi-annually for the next two years and each spring during the
remainder of the post-closure care period.

Any gullies or washes in the top soil cover will be backfilled, compacted,
reseeded, and mulched with straw. Any areas of dead vegetation will be
similarly treated. Lined or riprapped drains will be installed if persist-
ant erosion recurs in the same location.
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If it is necessary to excavate into the containment cell or if damage
otherwise occurs to the drainage layer or synthetic liner, the following
repair procedures will be followed.

1. The synthetic surface will te exposed and inspected for signs of
physical damage (punctures, slits, or tears). This may require
cutting and removing or rolling back the synthetic drainage
materials.

2. The liner will be exposed at least 12 inches in all directions
from the damaged area.

3. In the case of a puncture, the damaged area will be repaired by
the application of extruded material or a glued patch.

4. For a tear, slit, or large puncture, the flaw will be overlain by
a panel of the same material which will be bonded to the existing
liner by an extrudate weld or by glueing.

5. The extrudate weld or glued seam will be checked using a vacuum
box.

6. The synthetic filter or drainage layer will be replaced and
fastened in place to the existing drainage layer.
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3.0 GROUND WATER MONITORING

At least 12 ground water monitoring wells, as specified in the design
report, will be sampled and analyzed for PCBs on a quarterly basis for the
first two years and semi-annually for the remainder of the post-closure
period. Analysis for PCBs will be by gas chromatograph U.S. EPA

Methad 608.

The ground water monitoring wells will be installed after completion of the
soil-bentanite slurry wall at each containment. The wells will be labeled
with permanent weatherproof designations. Background analysis will be
established by the first four quarterly seasonal samplings occurring after
well installation.

Ground water sampling will be completed in accordance with the Remedial
Action Quality Assurance Project Plan as follows:

1. The water level in the well will be measured and recorded using an
electric tape.

2. The electric tape will be rinsed with deionized water between
wells.

3. A sampling pump will be used to evacuate at least three well
volumes of water. The purge water will be discharged on the
ground surface unless previous sampling indicated PCB levels of
more than 0.010 ppm. Water which cannot be discharged on the
ground will be recharged into the containment extraction wells.
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4. A pre-cleaned one liter glass bottle will be filled with water,
sealed, and transported to a laboratory which meets the quality
assurance standards for U.S. EPA Method 608.

5. The recharge rate of the well will be recorded for up to one hour.

The record keeping and chain-of-custody requirements for the sampling
program are in Appendix A.

The ground water elevations in each of the piezometer/ground water monitor-
ing well pairs will be measured quarterly and recorded on the ground water
elevation monitoring log, Table A-3. The measurements will be used to
control the extraction well pumps so that a hydraulic gradient differential
is maintained across the containment cell soil-bentonite wall. The fre-
quency of measuring and recording may be reduced, as approved by U.S. EPA,
if the rate of change in water elevations is less than an average of six
inches per month. Conversely, the frequency may be increased to account
for changes that may result from changes in lake level.

The ground water monitoring wells will be sounded annually to determine if
the well is open. Sounding will be completed with a string and steel
weight. The weight will be washed with distilled water between wells and
the string will be discarded.

Ground water detection monitoring, compliance monitoring, and corrective
action programs will be completed as follows:

1. Hazardous Constituents - Ground water monitoring will be for PCBs
and chlorinated organics per 40 CFR 761.75. The only other ground
water monitoring will be monitoring for pH, conductivity, and’
temperature completed during the purging of the monitoring wells.
If the B.E.S.T. solvent extraction process is used for treating
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soils, the monitoring program for the West Containment monitoring
wells shall include triethylamine.

Well Locations - The well locations will be on a vertical plane
boundary located approximately 20 feet from the soil-bentonite
walls enclosing each in-place containment. The boundary may be
closer or farther from the wall in certain locations to account
for proximity to structures or other obstructions. Each monitor-
ing well located on the boundary will be paired with a piezometer
installed approximately 5 feet inside the soil-bentonite wall so
that the differential water level across the soil-bentonite wall
may be determined.

Compliance Peri - The operation and maintenance program will
continue for the period provided in Section V.D.9 in the Consent
Decree.

Detection Monitoring - Water samples will be analyzed for PCBs by
U.S. EPA Method 608 during detection monitoring. The detection
limit will be 1 ppb. Reported values for PCBs of 1 ppb to 5 ppb
above background will be noted for reassessment at the next moni-
toring event. PCBs results of more than 5 ppb above background
will be verified by resampliing and analysis within two weeks of
receiving the laboratory results. A second result greater than

5 ppb above background will shift the ground water monitoring
program into compliance monitoring, as provided in paragraph 5.

If the detection monitoring results indicate that the PCB level is
consistently above the background level by less than 5 ppb and
shows a continued increase at a rate of 1 ppb/quarter or more for
three consecutive quarters, then the ground water monitoring
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program will move into compliance monitoring, as provided in
paragraph 5.

The U.S. EPA will be provided written notification of a shift to
compliance monitoring an? a plan for the compliance monitoring
within four weeks of confirmation that compliance monitoring is
required. If the detection monitoring change in PCB level is
greater than 10 ppb, then the U.S. EPA shall be notified by phone
within 24 hours of confirmation of the detection monitoring
results.

Compliance Monitoring - Compliance monitoring will be completed
through the installation of additional monitoring wellpoints along

the compliance boundary and may include monitoring points beyond
the compliance boundary. The locations and construction details
for the additional ground water monitoring points will be sub-
mitted to the U.S. EPA for approval prior to implementation of
monitoring in the form of a Compliance Monitoring Plan within

30 days of the notification described in paragraph 4. The results
of the compliance monitoring program will be used to determine if
PCBs are migrating from the in-place containment area and will be
used to assess the location from which the PCBs are emanating.

An Assessment Report will be prepared assessing if PCBs are mi-
grating from the IPC cells and describing what, if any, corrective
action measures are necessary. The Assessment Report shall be
prepared in accordance with the approved Compliance Monitoring
Plan and shall be submitted to U.S. EPA for approval.

Corrective Action Program - If the Assessment Report indicates-
that corrective action is required, such corrective action will be
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carried out in accordance with this paragraph. The corrective
action program may include repair of the soil bentonite wall by
re-excavation and reinstallation, drilling and grouting, vibratory
beam grouting, or other repair methods. The details of the pro-
posed corrective action including the quality control and assur-
ance procedures and the monitoring procedures (the Corrective
Action Plan) required to verify the corrective action will be
submitted to the U.S. EPA for approval within 60 days of approval
of the assessment report. In the event that a delay in
implementing the corrective action may result in an imminent
release threatening public health and safety, the corrective
action may be implemented prior to the approval of the U.S. EPA.
The RPM shall be notified immediately by telephone, with
confirmation in writing, of any such corrective action measures.

Corrective Action will begin within 60 days of receiving U.S. EPA
approval for corrective action, in accordance with the schedule

and approved Corrective Action Plan.

3.1 Monitoring Well Maintenance

The elevation of the reference point on each monitoring well will be resur-
veyed at least once every five years. The top elevation will also be
resurveyed if modifications are made to the well or if the well is inad-
vertently damaged.

A well which becomes filled with sediment as measured by soundings or has
poor hydraulic performance will be cleaned by flushing with potable water.
Sampling will not occur for at least one month after flushing of the well.
If the well continues to perform poorly, the well will be replaced by
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installing a new well within 25 feet of the existing well and by decommis-
sioning the former well in accordance with I11inois Administrative Code,
Chapter I, Part 920.120, "Abandoned Wells".
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4.0 GROUND WATER EXTRACTION, TREATMENT, AND DISCHARGE

Ground water will be extracted from each containment cell at a rate which
maintains an inward hydraulic gradient across the soil-bentonite wall.
Average daily flow will be approximately 500 gallons per day and will
likely be pumped and processed by intermittent pumping from the extraction
wells.

The pumps will be inspected annually to insure that all high and Tow set
points are operable and that ... pump is in running condition. If pumping
the well does not reduce the water level in the containment, the pump will
be removed and the well screen cleaned with hydrogen peroxide or another
oxidizer.

Extracted ground water will be processed through the long-term water
treatment facility. The long-term water treatment facility will be a
cartridge filter and two carbon adsorption units connected in series. When
the system is running continuously, a sample will be taken monthly for the
first year, then quarterly (Appendix B) thereafter at a sample point at the
influent to the treatment system and also between the two carbon units. If
the long-term water treatment system is operated on an intermittent basis,
at least one water sample will be collected between the two carbon units at
both the start and the end of the operation. Samples shall be analyzed for
PCBs.

‘If any sample equals, or exceeds 1 ppb, two additional samples will be
collected within two weeks thereafter. If all these samples exceed 1 ppb,

the following will be done promptly:

1. The lead carbon unit will be removed;



Section: 4.0

Revision No.:

Date: August 22, 1988
Page: 12

2. The second carbon unit will be switched to the lead position;
3. A new carbon unit will be installed as the second carbon unit;
4. The cartridge filter element will be replaced.

The average concentration in the final effluent of Category 5 water dis-
charged shall not exceed a 1 ppb 30-day running average when water is
generated. The final effluent shall be sampled monthly. Category 5 water
may be discharged to the North Shore Sanitary District if the District and
U.S. TPA and IEPA approve such discharge. Such approval shall not be
unreasonably withheld. In tie event Category 5 water is not discharged to
the District, said water may be discharged on-site at a location approved
by U.S. EPA.

The exhausted carbon will be containerized, manifested, and transported for
appropriate disposal, in accordance with federal, state, and local
regulations.

The treatment system will be located within a secondary containment :rea
with a detection sump. If water spills from the carbon canisters or the
connecting piping, a high level alarm in the detection sump will cut off
electrical power to all extraction well pumps and will provide an alarm
sign to a designated operator or guard.

After five years from the date of the Certificate of Completion of the
Work, pursuant to Section XXIV of the Consent Decree, U.S. EPA may
establish different effluent limitations for Category 5 water if it
determines that such limitations may be achieved by the use of a best
available technology. Any such determination by U.S. EPA shall be subject
to dispute resolution procedures in Section XII of the Consent Decree.
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Any requirement of the Category 5 water may also be modified pursuant to
the Operatin and Maintenance Plan and Section V.D.9 of the Consent Decree.
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5.0 REPORTING

Monitoring results from the ground water monitoring wells and the extrac-
tion well treatment system will be submitted to the U.S. EPA on a quarterly
basis for the first two years and a semi-annual basis thereafter. The
results of cover inspections, extraction well maintenance, and treatment
system maintenance will be included with the reports on a yearly basis.

Reports will be issued within 45 days of receipt of each ground water
monitoring test result. Reports on the operation of the water treatment
system will be issued on a semi-annual basis. The discharge limits in the
water treatment reports will be certified by a corporate officer or his
approved designee.
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WORK PLAN
TREATMENT OF SELECT SOILS AND SEDIMENTS
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

This Treatment Work Plan (Appendix IV to the Consent Decree) is part of the
Remedial Action Plan (RAP), as defined in Section III(L) of the Consent
Decree. The RAP consists of this Treatment Work Plan and the following
additional documents:

1. IPC Work Plan, Appendix III;

2. Pre-Design Quality Assurance Project Plan (PDQ), Appendix V;
3. Health and Safety Plan, Appendix VI;

4. Operation and Maintenance Work Plan, Appendix VII.

The RAP sets forth the agreed tasks to be performed to design and implement
the remedial and resource restoration activities hereafter referred to as
remedial action at the site.

The Treatment Work Plan presents the procedures and the schedule for
treating the select soils at the Waukegan Harbor Site (Site). The Work
Plan addresses materials handling of the select soils, Section 2.0;
treatment system efficiency, Section 3.0; emissions monitoring and air
considerations, Section 4.0; demobilization, Section 5.0; and a treatment
schedule, Section 6.0.

The treatment of select soils at the Site is a component of the Waukegan
Harbor Site remediation. The select soils are defined in the "Work Plan,
In-Place Containment of PCBs, Waukegan Harbor Site, Waukegan, I11inois"
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(IPC Work Plan) (Appendix III) and include the Site soils and sediments
containing high concentrations of PCBs. The select soils are located at
two areas of the Site, Slip No. 3, and the West Containment Cell area,
Figure 1. As part of the IPC work, the select soils at S1ip No. 3 will be
relocated to the West Containment Cell prior to treatment. The treatment
of select soils will separate at least 97 percent of the PCBs from the
treated soils. The treated soils will remain on-site in the West Contain-
ment Cell unless U.S. EPA approves an alternate on-site location.

The treatment facility will be located adjacent to the West Containment
Cell area, Ficure 2, and will generally operate on a continual basis,

24 hours per day, 7 days per week except for downtime for maintenance and
repairs.

The select soils fed (feed soils) to the treatment facility will contain
varying quantities of water, PCBs, and hydrocarbon oil. Separate soil,
water, and a PCB/hydrocarbon oil mixture will be recovered from the equip-
ment. The volume of PCBs that will go to off-site destruction may be
reduced by use of processing equipment capable of separating the PCB/hydro-
carbon 0il mixture.

The recovered PCB and hydrocarbon oil product will be stored in a tank
meeting the requirements of 40 CFR 761.65 until transported for off-site
disposal. The off-site disposal will occur as expeditously as practical.
The product water will be treated on-site and discharged pursuant to
Section 4.6.14 of the IPC Work Plan.

The treated soils will be directed to a staging area within the West Con-
tainment Cell where they will be segregated into daily production lots
until analysis is complete. The feed soils and treated soils will be
sampled to obtain representative daily composites, as specified in

Section 3.0, and the composites will be analyzed to verify that the removal
criteria set forth in Section 3.0 have been met. The treated soils which
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meet the removal criteria of Section 3.0 will remain in the West
Containment Cell as backfill unless U.S. EPA approves an alternate on-site
location. Soils which do not meet the removal criteria will be retreated
and re-analyzed until the removal criteria are met.

Two types of treatment facilities are being considered for this applica-
tion. Both processes separate PCBs and oil from the water and soil. One
method completes the separation by solvent extraction, the other by anaero-
bic pyrolysis. Both processes would produce a separate water stream and
both processes will produce a PCB/hydrocarbon 0il mixture which may be
further separated. The treated soils will have 97 percent or greater
reductions in PCB and hydrocarbon oil level with either processor.

Each processor may be the source of air emissions. The solvent extraction
processor emissions are limited to volatile organics due to fugitive losses
and volatilization from product streams. The anaerobic processor includes
the addition of heat which may result in the production of particulate
emissions, or sulphur dioxide.

The specific operational, monitoring and health and safety procedures to be
used during treatment will be presented in a Treatment Design and Opera-
tions Plan, a Treatment Quality Assurance Project Plan (TQAPP), and a
Treatment Health and Safety Plan, prepared and submitted for agency
approval after selection of the treatment process.
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2.0 MATERIALS HANDLING

2.1 Homogenization of Feed

The characteristics of the in-situ select soils vary from silt to sand and
contain varying amounts of organic silt, PCBs, hydrocarbon o0il, and water.

Select soils which are in Slip No. 3 will be relocated to a separate isola-
tion area (Figure 2) in the West Containment Cell and dewatered prior to
treatment. The separate isola..un area will be constructed by pushing the
existing soils out from the center of the area to form a surrounding dike
and placing a liner within the area. An underdrain system will be
installed above the liner at the bottom of the area, and a weir system will
be constructed within the area to aid the dewatering of select soils. The
select soils at the West Containment Cell area will remain in-situ until
treated with the exception of Area C, as described in the IPC Work Plan.
Removal of the select soils from S1ip No. 3 and relocation to the separate
isolation area will result in all the select soils being contained in the
West Containment Cell area.

The select soil from Slip No. 3 will contain a mixture of sand and organic
silt which will be dewatered and covered with a temporary impermeable
cover, as specified in the IPC Work Plan to minimize volatilization
potential. The dewatered select soils from Slip No. 3 (silts) and the
select soil (sands) from the West Containment area will be excavated and
fed to the processor in a mixture of sand and silt or as separate sand and
silt feeds. The selection of the feed mixture will be as determined in the
treatment design and operations plan.

The treatment design and operations plan will also include a description of
the materials transport methods to be used to move sediments from Slip
No. 3 to the west containment, while minimizing losses of PCBs.
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2.2 Feed Delivery to Treatment Unijt

The select soils will be delivered to the treatment unit on a demand basis
through a feed hopper.

The feed handling equipment will consist of a front end loader to deliver
the select soils directly to the treatment unit feed hopper and, if
required, a backhoe to excavate the in-situ select soils. Select soils
which contain a high 1iquid content will be homogenized with drier select
soils or pumped directly to the treatment unit feed hopper. The feed
characteristics will ce dictateu by the ictual treatment equipment, and
will be specified in the treatment design and operations plan.

2.2.1 Measurement of Feed

Weigh feeders and flow meters will be used to measure the quantity of
select soil being fed to the treatment unit each day.

2.3 Dust/Volatilization Control

Both processors will produce a final product (treated soil) that is dry and

may ygenerate dust when handled. Dust will be controlled by spraying water

onto the treated soils or by using covers and enclosures at locations were —
dusty soils are exposed to the atmosphere.

Although PCBs exhibit an extremely low volatilization potential,
volatilization is most likely to occur from the select soils containing
elevated levels of PCBs and the product stream of concentrated PCBs that is
removed from the select soils. Volatilization will be controlled by
keeping the select soils covered to the maximum extent practicable and
containerizing the recovered PCBs. Further, all vents which may emit
volatilized PCBs, including those vents which are safety pressure valves,
will be piped to an activated carbon bed.
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Personal protection equipment will be utilized by all personnel involved in
the treatment work. The type of protective equipment used and the desig-
nated time for use will be presented in the Treatment Health and Safety
Plan.

2.4 Disposal of Treated Soils

Treated soils will be separately stockpiled on a daily basis within the
West Containment Cell. Composite samples representing the feed soils and
corresponding treated soils of the day’s production will be analyzed, as
described in Section 3.0. The soils which do not pass the processing
criteria (Section 3.0) will be reprocessed and re-analyzed. The treated
soils which pass the processing criteria will be redisposed of on-site in
the West Containment Cell unless U.S. EPA approves an alternate on-site
location.

2.5 Soils from Separate Isolation Area

The separate isolation area will be surveyed to determine the initial
elevations prior to stockpiling select soils for temporary storage.
Stockpiled select soils will be removed from the separate isolation area
and treated. A completion survey wiil be taken to confirm removal of the
stockpiled select soils from the separate isolation area.

2.6 Disposal of Recovered PCBs

The recovered PCB and 0il will be stored in tanks meeting the requirements

of 40 CFR 761.65. The tanks will be equipped with nozzles and couplings to
empty the tanks. The tanks will be steel and will be inside a containment

berm of sufficient height to contain twice the contents of the tanks.
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The recovered PCB product will be removed from the tanks and disposed of
off-site in a manner consistent with TSCA. unless U.S. EPA approves use of

an alternative disposal method under TSCA.

2.7 Double Containment of Treatment System

The treatment equipment will be located adjacent to the West Containment
Cell (Figure 2). The area in the immediate vicinity of the treatment
equipment will be protected by a containment system capable of containing
the entire contents of the treatment equipment if a spill occurred. This
containment system will protect the soii. beneath the treatment equipment
in the event of minor spills or equipment failure. The treatment design
and operations plan will include the containment system design.

2.8 Process Water Treatment

A1l process water generated by the soil treatment equipment will be
treated. The treatment plant process equipment will include a settling
tank/oil separator, sand filtration, and two carbon adsorbers connected in
series. The flow from the processor is dependent on the water content of
the processed soil and is expected to be approximately 5 to 10 gpm. The
influent to the Category 4 (soil treatment processor water) system will be
monitored on a weekly basis.

The effluent from the lead carbon unit will be sampled on a daily basis.
The discharge standards shall be 5 ppb PCB daily maximum and a 30-day
running average of 1 ppb PCB. The second carbon unit will be placed into
the lead position and a new carbon unit will be placed into the second
position if the discharge standards are exceeded.
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3.0 TREATMENT SYSTEM EFFICIENCY

3.1 Sampling Feed Soil and Treated Soil Streams

Samples of the feed soil for each production lot and samples of treated
soil for the corresponding production lot will be collected at least once
every four hours during each day or, with agency approval, a decreased
sampling frequency if analysis indicates consistent results, to create
daily composites of the feed soil and treated soil. The sampling frequency
will be modified to ovutain representative composite samples if six sub-
samples per day is not representative. The daily composite samples for
both the feed and treated soil will be split into triplicate lots and one
lot for each composite will be analyzed for PCBs by gas chromatograph (U.S.
EPA Method 8080.3). The analytical results will be reviewed to determine
if the treated soils meet the PCB removal efficiency criteria, Section 3.2.

3.2 PCB Removal Criteria

The soil treatment operation consists of a 30-day start-up period and the
primary treating period. Both periods include separate PCB removal
criteria.

The 30-day start-up period will be a process start-up period. Treated
soils will be evaluated daily (Section 3.1). The treated soil will remain
in the daily production stockpile until the analytical results indicate
that the daily composite of the treated soils contains less than 500 parts
per million (ppm) PCB. The treated soils shall meet the PCB removal cri-
teria before redisposing of the treated soil into the West Containment Cell
unless U.S. EPA approves an alternate on-site location.

The primary treating period consists of all treatment following the 30-day
start-up period. Treated soils will be evaluated daily (Section 3.1). The
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treated soil will remain in the daily production stockpile until analytical
results indicate that the daily PCB removal efficiency is acceptable. The
cumulative removal efficiency shall be at least 97 percent for all soil
processed during the primary treating period. The treated soil shall be
redisposed of into the West Containment Cell unless U.S. EPA approves an
alternate on-site location.

The cumulative and daily removal efficiencies are calculated using the
following equations:

Cum. Eff.N = Cummulative PCB removal efficiency for days 31 through N, %

Eff.N = Daily PCB removal efficiency for day N, %

™

1:31 (EFf..)(In PCB,)

Cum. Eff.N =
N
£ (In PCBi)
j=31
where EFf., = (1N PCBy - Out PCBy) o 1oy,
In PCBy

In PCBN = Total weight of PCBs in feed soil for day N, 1bs.
Out PCBN = Total weight of PCBs in treated soil for day N, 1bs.

The total weights of PCBs in the feed (In PCBN) and treated soil (Out PCBN)
streams are determined by multiplying the composite PCB concentration for
day N by the weight of the soil fed to the .equipment or the treated soil
removed for day N.
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If a sample fails to meet the treatment criteria, the other two triplicate
splits of the feed and treated soil composite samples will be analyzed.
The results of the triplicate analyses .11 be averaged with the original
analysis, and the efficiencies will be reassessed. If treatment is
adequate, based on the average, the :s0il will be redisposed of in the West
Containment Cell unless U.S. EPA approves an alternate on-site location.
If the treatment is not adequate, the entire day’s soil lot will be
reprocessed.

Treatment summary reports will be provided to U.S. EPA on a monthly basis.
Each report will include a summary of the daily weights and PCB concentra-
tions of the feed and treated soil and the calculated daily and cummulative
removal efficiencies. Each report will be reviewed and approved by the
treatment supervisor prior to issue to U.S. EPA. The TQAPP will address
the quality assurance guidelines for soil treatment operations.
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4.0 EMISSIONS MONITORING AND AIR CONSIDERATIONS

4.1 Air Monitoring

Both processors are contained systems that are designed with one or two
vents to the atmosphere. Both systems may be subject to minimal fugitive
losses of PCBs and, depending on the system, volatile organics or inorganic
combustion products.

Air morii ... ing for PCBs '] occur at four monitoring stations to be
located around the perimeter of the treatment equipment. The Treatment
Design and Operations Plan will include air monitoring locations, parame-
ters to be monitored, air monitoring methodologies and frequencies for the
initial 30-day start-up period, an estimate of stack emissions, identifica-
tion of potential fugitive emissions sources and an estimate of the
emissions, stack height, stack gas flow rates, stack diameters, exit gas
temperatures, and descriptions of exhaust point locations relative to
surrounding structures. A pilot test will be completed before or during an
initial 30-day start-up period to verify emissions estimates and to opti-
mize pollution control equipment. A protocol and schedule for the pilot
test will be submitted as part of the Treatment Design and Operations Plan.
Within 30 days after completion of the pilot test, data from the pilot test
will be submitted for approval to U.S. EPA and IEPA pursuant to the proce-
dures of V.D0.2 of the Consent Decree. A meterologic monitoring station
will also be provided at the site to provide wind direction, wind velocity,
and temperature information. PCBs will be monitored at least once per week
after the initial 30-day start-up period. Air monitoring will be conducted
in accordance with the specifications outlined in the approved Treatment
Design and Operations Plan.



Section: 4.0

Revision No.:

Date: August 22, 1988
Page: 12

Since selection of the final monitoring details are dependent on the selec-
tion of either the B.E.S.T.™ or Taciuk processing sytem, each are generally
discussed below.

4.2 Air Emissions from the B.E.S.T.™ Process

The B.E.S.T.™ process system is designed with one fixed vent to the envi-
ronment. The process uses a nitrogen blanketing system which discharges to
the vent system if overpressure conditions occur. Also, the B.E.S.T.™
system has a non-condensible gas collection system from all condensers.
These vents flow to a vent collection system that consists of a refriger-
ated condenser (operating to 0°F) followed by a spray water scrubber. The
estimate for the total TEA loss from the system will be about 2.0 pounds of
TEA per cubic yard of sediment treated. This TEA consumption leaves the
system as residual TEA remaining in the product, fugitive emissions
(through shaft seals, etc.) and losses through the vent collection system.

4.3 Taciuk

The Taciuk processor has a flue gas and an off-gas vent to the atmosphere.

The system, as designed, is a continuous anaerobic thermal process (ATP).

A flue gas treatment system consisting of a cyclone wet-scrubber, baghouse
filter, and gas phase activated carbon is provided to assure that the flue

gas discharge will contain less than 0.001 grams of PCB per kilogram of PCB
contained in the raw feed to the system. <§\\\

The anaerobic pyrolysis treatment system stack emissions will also be
monitored for particulates and sulphur dioxide to meet the Il1linois
Environmental Regulations for a fueled source and for other emmissions as
may be required by other applicable regulations to be identified in the
Treatment Design and Operations Plan. The stack will also be monitored for
PCBs and PCB by-products by the collection of a composite sample on a
weekly basis.
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The Taciuk processor will be designed to operate at a nominal five-ton per
hour rate.
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5.0 DEMOBILIZATION

After completion of the job, the treatment equipment exterior and the
containment area surface will be decontaminated by washing with a high-
pressure hot-water washer using detergent. The equipment interior will be
decontaminated by passing clean soil through the equipment for two hours.
After decontamination, the equipment will be removed from the Site. The
containment area will be decontaminated, demolished, and disposed of at a
licensed solid waste landfill. A1l wash water from the decontamination
process will pass through the on-site water treatment facility and dis-
charged to either Lake Michigan or the NSSD.
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The schedule for the treatment operations is shown in Table 3 of the In-

Place Containment Work Plan.
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QUALITY ASSURANCE PROJECT PLAN
PRE-DESIGN PHASE
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 PROJECT DESCRIPTION
1.1 Introduction

The purpose of the Quality Assurance Project Plan (QAPP) for the pre-design
phase of the work (in the Work Plan), Appendix V to the Consent Decree, for
the Waukegan Harbor Site (Site) in Waukegan, I1linois is to set forth the
prime responsibilities and prescribe the necessary procedures required to
assure that the project is executed in a manner consistent with the
National 0il and Hazardous Substance Contingency Plan and with generally
accepted and approved quality assurance objectives, that data generated is
precise, accurate, representative, comparable, and complete, and that
remedial action measures, specified in the work plan, will be completed as
specified.

This QAPP provides guidance and specifications to assure that:

1. A1l field determinations and results regarding sampling and
analysis are valid through the implementation of preventive
maintenance, equipment calibration, and approved analytical proto-
cols;

2. Sampling is conducted using sample tracking systems and chain-of-
custody procedures which properly identify samples being collected
and control those samples from field collection through analysis
and data reduction;

3. Records are produced and retained as documentary evidence of the
quality of samples collected and analyzed, the validity of applied
procedures, and the completeness of the work performed;
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4. Generated data is validated and appropriately used in calcula-
tions;

5. Calculations, evaluations, and decisions completed or deduced
during the execution of the pre-design phase are accurate,
appropriate, and consistent with the objectives of this Plan;

6. Construction activities are completed to the specifications
described within this Plan.

The requirements of this QAPP are appli--ble to the pre-design activities
of all participants in the remedial action at the Waukegan Harbor site in
Waukegan, I1linois. This QAPP will address all anticipated activities
necessary to execute the Work Plan pre-design activities as approved by the
U.S. EPA.

1. Project Summary: Waukegan Harbor Site

1.2.1 Project Background

The Waukegan Harbor Site (Site) is located near the intersection of Grand
Avenue and Sheridan Road on the west shore of Lake Michigan in Waukegan,
I11inois, about 37 miles north of Chicago and 10 miles south of the
Wisconsin state border.

The presence of high levels of PCBs in soil and harbor sediments in the
vicinity of the OMC plant was discovered in 1976. From approximately 1961
to 1972, OMC purchased a hydraulic fluid used in the die-casting works that
contained PCBs. Some of the PCBs purchased may have escaped through floor
drains. The floor drains discharged to an o0il interceptor system which
discharged to the North Ditch. Some of these PCBs escaped from a portion
of the oil interceptor, diversion and pump system, and were released to the
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Waukegan Harbor. The harbor area discharge was located in the western end
of S1ip No. 3, and the north property discharge was in the Crescent Ditch.
This discharge pipe to the harbor was sealed in 1976.

1.2.2 Project Objectives
The objectives of this QAPP are to assure proper field and laboratory
procedures are employed in implementation of the pre-design investigation

set forth in the Work Plan.

1.2.3 Major Task Suwmary

1.2.3.1 Pre-Design Work Plan

Major activities to be undertaken during the course of the pre-design phase
of the Work Plan and addressed by this QAPP include the following:

1. Soil sample collection and physical analysis;
2. Installation of piezometers in the Silurian bedrock;

3. Surveying of site features, including the location and elevation
of soil samples, ground water monitoring wells, sediment sampling
locations, topographic contours of the ground surface, and
piezometric contours of the ground water surface.

1.2.4 Reports

Quarterly status/progress reports will be prepared and submitted to U.S.
EPA which summarize the results of all sampling and/or tests and present
all other data generated during the preceeding quarter. Work Plan activi-
ties will be reviewed and the status of pending or completed activities
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will be indicated. Analytical and/or other documentation which support the
summaries presented in the quarterly reports will be available and fur-
nished to the U.S. EPA u;on request.

Periodically, interim technical reports may be prepared to collate data and
summarize the progress of the Work Plan, present conclusions affecting the
scope or direction of continuing Work Plan activities. These reports will
be scheduled and identified in the quarterly status/progress reports.
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

2.1 Organization

Quality assurance and control activities must occur at all levels of the
organization in order to consistently produce effective and correct
efficient solutions to a broad range of technical problems. The activities
of the QAPP Team for the Work Plan must remain independent of the activi-
ties of the project task force in order to assure that procedures and
protocols outlined in the Work Plan are carried out in a manner consistent
with U.S. EPA guidelines.

2.2 Responsibility for Quality Assurance/Quality Control

Responsibility for quality assurance and quality control depends upon the
project organization assembled to execute the work and on the maintenance
of the principle lines of communication between members of the organiza-
tion. Figure 1 shows the proposed task force for the implementation of the
Work Plan and the lines of communication between various key individuals.
The responsibilities of the Canonie task force and related managerial
departments are summarized below.

2.2.1 Project Manager

The project manager is responsible for maintaining a clear definition of
and adherence to the scope, schedule. and budget of the project. As a part
of this responsibility, he will:

1. Serve as the on-site communication link with the U.S. EPA;
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2. Provide immediate direction to staff involved in the completion of
tasks outlined in the Work Plan;

3. Supervise all work by Caunonie and its subcontractors;
4. Maintain budgetary and schedule surveillance of the work and
reqularly advise the Technical Project Director of the progress of

the Work Plan.

2.2.2 Terbrical Project Director

The technical project director is responsible for the staffing and overall
administration of the project. As part of his QA/QC responsibilities, he
will:

1. Maintain the QAPP;

2. Indicate the types of QA/QC records to be retained as a permanent
part of the project file;

3. Provide for QA/QC audits of the work of task force members;

4. Approve reports and material for release to the U.S. EPA and IEPA,
and other external organizations;

5. Approve task plans and operating procedures related to the pro-
ject.

2.2.3 Project Engineer/Project Scientist

The project engineer is responsible for the implementation of the Work Plan
field activities, initial data acquisition, health and safety aspects of
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field activities, and for the proper selection and execution of procedures
which have been accepted for use in the Work Plan. As part of his QA/QC
responsibilities, he wiii:

1. Provide personal direction of technicians or subcontractors exe-
cuting Work Plan data gathering tasks and performing construction
activities;

2. Review the effectiveness of procedures and suggest changes which
will enhance or more efficiently accomplish the objectives of the
Work Plan;

3. Assist in the collection of samples so that sampling remains
representative of actual field conditions;

4. Assist in the maintenance of budgetary and scheduling surveil-
lance;

5. Administer the regular maintenance of equipment utilized in the
Work Plan to prevent unnecessary equipment failures and project
delays caused thereby.

6. Assist in the preparation of reports, submittals, and presenta-
tions to assure that data and conclusions accurately reflect
observed conditions in the field;

2.2.4 Task Leaders

The task leaders within the project task force are responsible for specific
engineering, scientific, and analytical operations required to accompiish
identified project objectives. As part of this responsibility, task lead-
ers will:
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1. Initiate, develop, and check subtask plans, procedures, support
services and products;

2. Identify safety hazards and ensure that the associated risks are
reduced to acceptablie levels;

3. Supervise and participate in operations, analyses, data collec-
tion, and data reduction;

4. Maintain samples, sample identification, and analytical equipment;
5. Generate required QA/QC records and reports;
6. Implement corrective actions identified by QA/QC reports.

2.2.5 Quality Review Team

The Quality Review Team reports directly to the corporate officer in
charge. The team is responsible for on-going surveillance of project
activities to ensure conformance to this Plan and to evaluate the effec-
tiveness of its requirements. The team has access to any Canonie personnel
or project subcontractors, as necessary, to resolve quality assurance/qual-
ity control problems. The team has authority to recommend that work be
stopped when the manner in which that work is being conducted appears to
jeopardize project quality. As part of this responsibility, the team will:

1. Monitor the correction of quality control problems, and alert
other task leaders where similar problems may exist or might
occur;
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2. Report to the corporate officer in charge concerning the quality
of the work, the procedures u.ii11zed, and the services provided in
relation to the stated objectives of the project;

3. Provide for retention of QA/QC records;
4. Participate in QA/QC audits;

5. Recommend changes, where appropriate, to improve the effectiveness
nf nroject procedures or the procedures identified in this Plan;

6. Review proposed additions and/or changes to this Plan.

The Quality Review Team is directed by the Quality Assurance Coordinator,
who is responsible for evaluating and approving this Plan; scheduling and
conducting quality assurance/quality control audits; providing QA/QC re-
ports to the corporate officer in charge, the project manager, and the
technical project director on the results of audits by the Quality Assur-
ance Team and the necessity of preventive or corrective actions; and devel-
oping and initiating preventative and corrective actions, as required, in
conjunction with the project manager and technical project director.

2.2.6 Support Departments

Canonie’s accounting department will be responsible for the financial
administration of subcontracts, the control of the payment of invoices, and
for overall budgetary matters.

Canonie’s technical support department will provide services in the areas
of graphics, reproductions, word processing, data processing, and staffing.
Canonie’s soils Taboratory will be the soils testing laboratory for the
soil samples obtained during the pre-design work.
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3.0 QUALITY ASSURANCE OBJECTIVES

3.1 General

The quality of measurements made and data acquired during the Work Plan
process will be determined by the following characteristics: accuracy,
precision, representativeness, completeness, and comparability. Specific
objectives for each characteristic are established to develop sampling
protocols and ‘dentify applicahle documentation, sample handling proce-
dures, and measurement system procedures. These objectives are established
based on site conditions, objectives of the project, and knowledge of
available measurement systems. The subsequent use of these measurements in
calculations and evaluations is also subject to aspects of this Plan as
described in the following sections.

Canonie will collect all soil samples and direct all field measurements in
completing the work presented in the Work Plan. Sample collection and
field handling will be in accordance with the sampling and sample handling
protocols established in this Plan. A1l soil samples will be analyzed at
Canonie’s soils laboratory, located in Porter, Indiana. The quality
assurance program developed for and utilized at Canonie’s analytical
laboratory is presented in Appendix A.

3.2 Representativeness

Measurements will be made so that analytical results are as representative
of the actual field conditions as possible. Sampliing protocols will be
utilized to assure that samples collected are representative of the media
present in the field. Sample handling protocols, including such tasks as
storage, transportation, and preservation, will be used to protect the
representativeness of the samples gathered during the project. Proper
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documentation in the field and the laboratory will establish that protocols
have been followed and that sample identification as well as integrity have
been preserved.

The field sampling program, presented in the Work Plan, describes the
samples which are currently planned for collection, the Tocation of the
sampling, the types of samples to be collected, and the types and number of
analyses to be performed on the samples.

3.3 Precision and Accuracy

Precision is the characteristic which reflects the ability to replicate a
previously obtained value using identical testing procedures, while accu-
racy is the characteristic which reflects the ability to obtain a value
which equals, or approaches within certain predetermined limits, the true
value of a certain phenomenon. Each of these two characteristics are
addressed in all data gathering and reporting conducted by Canonie. Data
quality objectives for precision and accuracy are established for each
major parameter to be measured during the project. These objectives are
based upon prior experience in executing remedial activities for wastes
similar to those present or anticipated at this site, on prior knowledge of
the capabilities of the measurement system to be employed during activity
at the site, and on the Timitations which are presented in execution of the
task. The precision and accuracy requirements for certain data gathering
and reporting activities may vary based upon the anticipated use of the
information. For example, the precision and accuracy requirements of data
gathered during surveying to locate ground water monitoring wells will not
be as strict as the requirements imposed on analytical data, which is used
to establish whether treated ground water is clean enough to discharge.

In general, the precision and accuracy requirements for the Work Plan
program will be met by assuring that 2t least ten percent of the samples
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gathered for analytical evaluation in each matrix type (i.e., soil, water,
etc.) during each sampling episode are duplicates, so that field precision
may be evaluated. Since standard sampling procedures are stipulated for
all sampling episodes, no additional duplicates are required due to changes
in sampling team composition. In the laboratory, ten percent of the sam-
ples of each matrix will be analyzed as replicates to evaluate laboratory
precision. Duplicate and replicate samples will be chosen at random,
unless the criticalness of the sampling would suggest duplicate sampling or
replicate sampling to be appropriate.

Calculations performed with the data gathered or generated during the
project are also checked for accuracy by the task leader or his designee,
and precision, i.e., the comparability of calculation techniques between
various tasks, is assured through review by the quality assurance team.

Accuracy of field measured pH will be evaluated through comparison of
instrument readings taken on standard buffer solutions. Accuracy will be
established by obtaining readings which do not vary from the standardized
solution value by + 0.05 pH units. Field measurements will be recorded to
the nearest 0.05 pH units.

Accuracy of the field conductivity meter will be assured by daily
calibration verification with a standardized solution of potassium
chloride, purchased from the manufacturer of the meter or from a laboratory
chemical supply house. If instrument readings vary from the standardized
value by more than five percent (5%), the conductivity meter will be
recalibrated or replaced.

Instruments which are factory calibrated will be considered accurate if the
most recent calibration occurred within the previous 12-month period and
the instrument readings do not appear to be in obvious error. Measurement
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precision for all field instrumentation will be estimated by periodically
(1 per 10 samples) completing duplicate testing of samples in the field.

3.4 Completeness

The characteristic of completeness is a measure of the amount of valid data
obtained compared to the amount that was specified to be obtained under
normal conditions. The amount of valid data specified is established based
on the measurements required to accomplish project objectives. The extent
of completeness must be reviewed on a relative basis for sample collection
activities, since the required amount of valid data anticipated prior to
sampling episodes may not accurately define the amount of data necessary to
render a correct decision. Completeness of data handling systems is
described in Sections 9, 12, and 13.

3.5 Comparability

The characteristic of comparability reflects both internal consistency of
data collected with regard to a single parameter and an expression of data
in units which are consistent with the units which data, gathered by other
organizations measuring the same parameter, are presented. Comparability
of data gathering and measuring procedures should also be addressed if data
gathered is to be reliably compared. Thus, the characteristic of compara-
bility implies the personnel involved in data acquisition and reduction
must operate measurement systems within the calibrated range of the parti-
cular instrument as well as utilize analytical methodologies which produce
comparable results.

When comparison of data sets indicates certain values within one or more
sets are not consistent with the totality of the data acquired, these
values, known as "outliers", must be reassessed prior to utilization in the
decision-making process. Utilization of statistical analysis is often



Section: 3.0

Revision No.:

Date: August 22, 1988
Page: 14

required to define whether the "outliers" represent significant values
which require recognition in the decision-making process.

3.6 Quality Assurance/Quality Control Objectives

The QA/QC objectives for the pre-design investigations are:

1. To collect soil samples that are representative of the soil types
present at the site;

2. To determine the variation in the in-situ coefficient of permea-
bility of natural impermeable formations with depth;

3. To collect, document, and prepare data for the final design activ-
jties that is accurate and reflects the variations likely in
geologic materials.
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4.0 PRE-DESIGN PROGRAM

4.1 Field Sampling Program

4.1.1 Introduction

The specific tasks that comprise the Field Sampling Program and the steps
to execute the tasks are described in Section 2.0 of the Work Plan. The
purpose of this section is to define the minimum standards for performing

“the field activities of the Pre-Design Program.

A1l drilling, soil sampling, and piezometer construction activities will be
supervised by a qualified engineering or geologist. The engineer/geologist
will summarize, daily on a field activity log, the progress made towards
completing the activities in the Field Sampling Program. Also, any proce-
dures or materials that are not in compliance with the Work Plan or QAPP
will be documented and the corrective action taken will be noted. A daily
field activity log is included in Appendix B.

4.1.2 Soil Sampling

4.1.2.1 Standard Split-Spoon Samples

Standard split-spoon samples will be taken in accordance with the require-
ments of ASTM D-1586. A copy of the procedures is attached in Appendix C.
The split-spoon may be driven a total of 24 inches at the discretion of the
field engineer. If the split-spoon is driven 24 inches to maximize sample
recovery, the second and third six-inch blow counts will be used to calcu-
late the penetration resistance (N). Boring logs will be maintained, by
the field engineer, to record each sampie taken. As a minimum, the follow-
ing information will be recorded on the boring logs:
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1. Sample number;

2. Type of sampler;

3. Sample interval (ft.);

4. Blow count;

5. Sample recovery;

6. Preliminary USCS classification by visual inspection;

7. Unconfined compressive strength (Qu), if sample is clay, as deter-
mined by a pocket penetrometer;

8. Depth of contact between soil strata;

9. Soil description and remarks.
A copy of a boring log legend and boring log are included in Appendix D.
A1l soil recovered in the split-spoon will be retained in sealed glass
jars. As a minimum, the top of the jar will be labeled, with indelible
ink, with the following information:

1. Job number;

2. Soil boring number;

3. Sample number;

4. Sample interval;
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5. Number of jars containing sample (example: Jjar 1 of 3);

6. Sample date.

4.1.2.2 Pitcher Barrel Samples

Pitcher barrel samples will be retrieved over 24-inch sample intervals.
Shelby tube samples will be acceptable if the penetration resistance is
less than 20 blows per foot or more than 18 inches of undisturbed sampie
can be recovered.
Once a sample has been taken and the tube removed from the pitcher barrel
assembly, the ends of the tubes will be coated with non-shrinking wax.
Plastic caps will be placed over the ends of the tube and taped in place.
The tube wall and top cap will be labeled with the following information as
a minimum:

1. Job number;

2. Soil boring number;

3. Sample number;

4. Sample interval;

5. Sample recovery (inches);

6. Top of tube;

7. Sample date.
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The samples will be preserved and transported in accordance with

ASTM D4220. Specifically, the samples ...77 be kept in a vertical position
and kept at a temperature between 40° F and 100° F until the tubes are
shipped to the soils laboratory. A cony of ASTM D4220 is included in
Appendix C.

4.1.2.3 Harbor Sediment Samples

Approximately 25 gallons of sediment will be obtained from various loca-
tions in the Upper Harbor and Slip No. 3. The sediment samples will be
recovered using a sampler dredge similar to the sampler shown in Appendix -
E. Since the samples will not be subjected to chemical analysis, the
sampler may be constructed of other materials approved by the field
engineer. Special care will be taken to assure the samples retrieved are
representative of the harbor sediments and the finer fraction is not washed
out during sampling. If the finer fraction of the sediments is washed out,
the sample will be returned to the harbor and another sample retrieved.

4.1.3 In-Situ Permeability Tests

Two types of in-situ permeability tests will be performed in nine of the
soil borings located on the slurry wall alignments. The first type will be
designated as a vertical permeability test and the second type will be ~
designated as a horizontal permeability test. The vertical test will
utilize a pneumatically inflated seal (packer) Tocated in the boring casing
at a depth equal to the existing ground water level. The boring casing
will be driven at least one foot into the clay till, the soil plug removed
by rotary wash, and a permeability test conducted by pressurizing the water
inside the casing and measuring the flow of water into the borehole. The
measured permeability will be representative of the vertical coefficient of
permeability. The laboratory permeability tests performed on pitcher
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barrel samples will be compared to the field permeability tests from this
method.

The horizontal test method will place the pneumatically operated seal
(packer) in the bottom of the casing with an extending unlined borehole
approximately three (3) feet below the end of the casing. After the packer
is inflated inside the casing, the three foot test cavity will be
pressurized and flow measurements recorded. The measured permeability will
be representative of the horizontal coefficient of permeability. The
horizontal test is the best available method for measuring the in-situ
horizontal permeability.

Three borings along the slurry wall alignments will be selected for each of
the three containment areas for the permeability tests. The vertical
permeability test will be performed in one boring for each containment
area, and the horizontal permeability test will be performed in two borings
for each containment area. The field permeability data obtained from each
boring will be used to design the depth of the slurry wall penetration into
the underlying clay till such that the flow of water beneath the wall is
less than or equal to the flow of water through the slurry wall.

The procedure for drilling the soil borings and performing the in-situ
permeability tests is as follows:

For the horizontal test;

1. The borings will be advanced from the ground surface to the
surface of the clay till by rotary wash drilling in a 6-inch
diameter casing. Standard split-spoon samples will be recovered
at 5-foot intervals.
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HW steel casing (4-inch I1.D.) will be lowered into the hole and
driven at least one-foot into the till to assure an adequate seal
is obtained bctween the till and the casing.

The drilling fluid will be flushed from the 4-inch casing with
potable water.

The boring will be advanced by rotary wash methods with a 2-15/16
inch diameter tricone roller bit reaming the borehole remaining
after each split spoon sample. Split-spoon samples will be
obtained continuously through the clay till.

When the desired test cavity length (3 feet) is obtained, the
borehole will be flushed with potable water to remove silt and
sediments.

The packer assembly will be set in the hole such that the packer
remains in the 4-inch casing but is at the end of the casing and
the unlined soil borehole creates the test cavity. The packer is
then inflated to seal the test zone.

The testing apparatus will consist of a pressurized reservoir of
water capable of maintaining a constant pressure in the test
cavity, while measuring the flow of water through the test cavity.

The test cavity pressures will be calculated to prevent
hydrofracturing of the clay till as follows:

P.. = P+

max 0 Pa]]ow +H

L
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Where:
Pmax = Maximum Test Cavity Pressure
P0 = Hydraulic Pressure due to the Static Water Level
pa]low’ Excess hydraulic pressure allowed due to the weight of
overburden (0.5 psi per foot of depth to test section)
HL = Friction head losses in the test apparatus valves and
-~ piping
Example:

Assume: HL = 0, no friction head losses due to valves and piping.
Given:
Depth to ground water = 5 feet

Depth to top of clay 25 feet
Depth to bottom of test cavity = 29 feet

— Py = (29-5) x (62.4 pcf/144 in®/ft?) = 10.4 psi
Panow = 0.5 psi/ft x 29 ft. = 14.5 psi
Pmax = 24.9 psi

Use 24 psi for testing.

9. The horizontal permeability test will be run at 1/2 Pmax’ 3/4
Pmax’ pmax, 3/4 Pmax’ and 1/2 Pmax to allow hydraulic pressures to

dissipate uniformly and check for problems with the packer seal.
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The flow into the test cavity will be recorded at 5-minute
intervals. After one nour, ir the flow rate over the last three
(3) successive 5-minute intervals varies by less than 10 percent
the test at that pressuie is complete. If not, the test will
continue until the flow rate over three (3) successive 5-minute
intervals varies by less than 10 percent. The data is recorded on
a field permeability test form attached in Appendix J.

The pressure versus flow is plotted to check for evidence of
rvnblems such as leakage around the packer, erosion of the test
zone, and clogging of fiss'res. A high quality test will produce
a linear relationship of pressure to flow with 1ittle difference
between the pressurization toward Pmax and depressurization away
from Pmax'

The horizontal permeability is calculated as shown in Appendix J
on Figure 8-10.

If the horizontal permeability for the first 3-foot test section
is equal to or less than 1 x 10'7 cm/sec, then no additional
permeability tests will be performed in that boring. The packers
and permeability apparatus will be removed and the borehole will
be drilled and sampled to completion (20-foot penetration into the
clay till or as required).

[f the horizontal permeability in the test section is greater than
1 x lO'7 cm/sec, then the field engineer will determine, as
discussed in the Work Plan, if the measured horizontal
permeability combined with the measured vertical permeability
provides a barrier to flow equivalent to the 3-foot wide slurry
wall.
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14. If the field engineer’s determination indicates the in-situ soil
in the first test section does not provide an adequate flow
barrier, the boring will be acvanced one-foot and the packer and
permeability apparatus replaced. The permeability test will be
repeated as before after recalculating P for the new test

max
section.

15. The boring will be advanced in one foot increments and the
permeability test repeated until the field engineer determines, as
discussed in the Work Plan, the horizontal and vertical
permeabilities in the in-situ soils will provide a barrier to flow
that is equivalent to the 3-foot slurry wall.

16. The borehole will be backfilled by tremie grouting with cement/
bentonite grout before removing the casings.

For the vertical permeability test;

1. The borings will be advanced from the ground surface to the
surface of the clay tiil by rotary wash drilling in a 6-inch-
diameter casing. Standard split-spoon samples will be recovered
at 5-foot intervals.

2. HW steel casing (4-inch 1.D.) will be lowered into the hole and
driven at least one foot into the till to assure an adequate seal
is obtained between the till and the casing. The HW casing will
consist of a single piece of pipe with no joints below the ground
water level and a beveled end for driving into the clayey till.

3. The drilling fluid will be flushed from the 4-inch casing with
potable water and the clay plug will be removed by rotary wash
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drilling. The water will be pumped or bailed from the casing to
within two feet above the existing ground water level.

4. The single packer assembly will be set in the 4-inch casing such
that the packer is at the existing ground water level. The packer
is then inflated to seal the casing.

5. The testing apparatus will consist of a pressurized reservoir of
water capable of maintaining a constant pressure in the test
cavity while measuring the vertical flow of water through the soil
plug in the bottom of the casing.

6. The test cavity pressures will be calculated to prevent
hydrofracturing as follows:

Prax = Po * Pattow * HL
Where: Pmax = Maximum test cavity pressure

Po = Hydraulic pressure due to static water level

Pa]]ow= Excess hydraulic pressure allowed due to weight of
overburden (0.5 psi per foot of depth to test
section)

HL = Friction head losses in test apparatus valves and
piping

Example:

Assume: HL = 0, no friction head losses due to valves and piping
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Given:

Depth to ground water 5 feet
Depth to top of clay 25 feet
Depth to bottom of casing = 26 feet

P, = (26-5) x (62.4 pcf/144 in%/ft?) = 9.2 psi
pa]]ow = 0.5 psi/ft x 26 ft = 13.0 ps?
Pmax = 22.1 psi

CAUTION: Because the packer is set at the ground water level, P_ is

0

already applied to the test cavity.

Therefore, the testing apparatus gauges only need to record the

p
p

allow’

The calculations for permeability however are dependent on

max”

The single packer permeability test will be run at 1/2 (Pallow +

HL), 3/4 (Pallow + HL)’ Pa]low * HL’ 3/4 (Pal1ow + HL)’ 1/2
(Pa]]ow + HL) to allow hydraulic pressures to dissipate uniformly
and check for problems with the packer seals or casing seal. The
flow into the test cavity will be recorded at 5-minute intervals.
After one hour, if the flow rate over the last three (3)
successive 5-minute intervals varies by less than 10 percent the
test at that pressure is complete. If not, the test will continue
until the flow rate over three (3) successive 5-minute intervals
varies by less than 10 percent. The data is recorded on a field
permeability test form attached in Appendix J.

The pressure versus flow is plotted to check for evidence of
problems such as leakage around the packer, erosion of soil
through the test zone, and clogging of fissures. A high quality
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test will produce a linear relationship of pressure to flow with
little difference between the pressurization toward P + H
and depressurization away from P + HL‘

allow L

allow

9. The vertical permeability is calculated as shown in Appendix J on
Figure 8-11 and will be compared to the Taboratory permeability
test results on pitcher barrel samples.

10. The boring will be completed with continuous split-spoon sampling
to the specified depth of penetration into the clay till. Between
samples the borehole will be reamed with a 2-15/16 inch diameter
tricone roller bit.

11. The borehole will be backfilled by tremie grouting with cement/
bentonite grout after removing the casings.

4.1.4 Rock Core Drilling

A1l rock coring will be performed with an NX (2-5/32 in.) diamond tip core
barrel assembly. The rock coring will be performed in accordance with the
requirements of ASTM D-2113. A copy of the specification is attached in
Appendix C. A1l recovered cores will be placed in commercial plastic,
cardboard, or shop-made wooden boxes, and the beginning and end of each
core run will be properly marked with the blocks provided. Rock core logs
will be maintained by the field engineer to record each core obtained. As
a minimum the following information will be recorded on the core log:

1. Sample number;
2. Length of core run;

3. Core size;
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4. Coring pressure (PSI);
5. Rate of core advance (ft./min.);
6. Percent core recovery;
7. RQD;
8. Number of fractures per foot;
9. Bedding;
10. Hardness;
11. Description of rock core.
A copy of a rock core legend and rock core log are included in Appendix F.

4.1.5 Piezometers

The installation procedures for piezometers are described in the Work Plan.
Therefore, only material requirements will be described in this section.

The installation of each piezometer will be logged on an observation well
diagram. All well construction information will be recorded to the nearest
tenth of a foot. A copy of a blank observation well diagram and a typical
well detail diagram are included in Appendix G.
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4.1.5.1 Piezometers in Silurian Bedrock

4.1.5.1.1 PVC Screens

Piezometer screens will be machine-slotted, one-inch-diameter Schedule 80
PVC, with at least three rows of slots. The slot openings will be

.01 inches for all piezometers. The screen section will be threaded for
attachment to the riser pipe and the bottom of the screen will be provided
with a threaded PVC plug. The screen and 10 feet of riser pipe above the
screen zone will be free of ink ard any other markings.

4.1.5.1.2 PVC Riser Pipe

Riser pipe for the piezometers will consist of Schedule 80 PVC pipe meeting
ASTM D-1785 with flush joint threads. A copy of the specification is
included in Appendix C.

4.1.5.1.3 Sand Pack

Sand pack is the material placed in the annular space around the well
screen. The pack shall be uniformly graded sand or gravel, comprised of
hard, durable particles which have been washed with potable water and
screened. The sizing of the particles shall be determined by the soil type
encountered in the zone to be monitored. The particle size of the pack
shall be at least 4 times the D15 size (15 percent of the soil is finer
than this dimension) of the soil in the monitored zone and shall be no more
than 4 times the D85 size (85 percent of the soil is finer than this
dimension) of the soil in the monitored zone. The sand pack shall be free
of all organic matter and shall not contain detectable concentrations of
any chemical constituents. The sand pack shall be furnished in unopened
bags or pails.
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4.1.5.1.4 Bentonite Seals

A bentonite seal is used in the annular space above the piezometer screen.
The bentonite seal will consist of Volclay grout. Volclay grout is a high
solid bentonite based clay grout. The grout will be placed using the
tremie method. The Volclay grout will consist of the following
proportions:

1. 52 pounds of Volclay grout (includes 2 pounds of initiator);
2. 24.4 gallons of fresh water.

The Volclay grout will be provided to the job site in full, unopened bags.
The Volclay grout, initiator, and water will be mixed to a uniform
consistency, free of lumps. A mud balance test will be run on each batch
prior to placement, and the slurry weight must achieve a minimum of

9.4 pounds per gallon at time of placement. The grout will be installed by
the tremie method.

4.1.5.1.5 Concrete

Concrete is required for capping the annular space in piezometers and
simultaneously providing a solid base for supporting the piezometer riser
pipe protective cover.

Concrete shall be provided to the job site in full, unopened bags such as
Sakrete, or in a premixed state from a local concrete supplier.
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4.1.5.1.6 Placement of Protective Cover

A carbon steel pipe, having an inside diameter of at least 1.33 times the
outside diameter of the piezometer’s riser pipe, shall be set concentri-
cally around the riser pipe and into the concrete cap. The bottom of the
well protector shall be submerged at least three feet into the concrete,
and shall extend at least six inches above the top of the riser pipe. The
concrete which is forced out of the borehole due to the placement of the
well protector shall be carefully removed so as to prevent "mushrooming" of
the concrete at the ground surface, which tends to promote 1ifting of the
well casing and the well protector during frost heave conditions. The well
protector shall be maintained plumb and concentric with the riser pipe
until the concrete has set. Temporary braces may be required to maintain
the well protector in the proper vertical position. A locking cap shall be
secured to the top of the well protector pipe to prevent unauthorized entry
into the well.

4.1.5.2 Piezometers in Shallow Aguifers

4.1.5.2.1 PVC Screens

The material requirements for PVC screen in shallow aquifer piezometers is
the same as for the piezometers in Silurian bedrock, Section 4.1.5.1.1.

4.1.5.2.2 PVYC Riser Pipe

Riser pipe for the piezometers will consist of Schedule 80 PVC pipe meeting
ASTM D-1785 with flush joint threads. A copy of the specification is
included in Appendix C.
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4.1.5.2.3 Sand Pack

The material requirements for sand packs in shallow aquifer piezometers are
the same as for the piezometers in Silurian bedrock, Section 4.1.5.1.3.

The shallow aquifer sand may be used for the sand pack if the engineer
determines that it is acceptable.

4.1.5.2.4 Concrete

The material requirements for concrete in shallow aquifer piezometers is
the same as for the piezometers in Silurian bedrock, Section 4.1.5.1.5.

4.1.5.2.5 Placement of Protective Cover

The requirements for placement of protective cover in shallow aquifer
piezometers is the same as for the piezometers in Silurian bedrock, Section
4.1.5.1.6.

4.1.6 Developing Existing Monitoring Wells

4.1.6.1 Cleaning of Equipment and Material

A1l pumps to be used in development, purging, or pumping of wells at the
site shall be steam cleaned and all wetted parts, hoses, and valves flushed
thoroughly with water from the source approved by the field engineer. Pumps
which leak or otherwise may introduce chemical constituents into the well,
sampled water, or aquifer shall not be used. Electrical lines to submersi-
ble pumps shall meet all applicable electrical code standards. Electrical
lines to submersible pumps may be attached to the discharge pipe or hose of
the pump by stainless steel or plastic fasteners which grip by means of a
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mechanical action only. No electrical tape shall be used to attach elec-
trical lines to the discharge pipe or hose.

Compressors utilized in the development, purging, or pumping of wells at
the site shall be equipped with an operable oil trap and in-line air fil-
ter. The o0il trap and filter shall be checked by the field engineer prior
to each day’s use. The oil trap and filter must be capable of removing
entrained oil from the compressed air to prevent introduction of chemical
constituents into the sample water or the ground water.

If bladder pumps are utilized and powered by compressed nitrogen, the
nitrogen gas shall be pressure regulated at the tank and shall pass through
an in-line oil trap and filter before it enters the well or pump. The
source of nitrogen gas shall be indicated in the daily log for the site
activities.

4.1.6.2 Existing Well Development

Existing monitoring wells shall be developed, by pumping or other means of
evacuating the well casing, in order to remove the sediments within the
casing, any trapped soil fines in the gravel pack and soil formation just
outside the pack and to produce a representative sample of the water in the
formation.

Well development may be accomplished through the use of submersible, blad-
der, jet, or suction pumps. Pumps must be fully operational, meet appli-
cable electrical or other code provisions, and must be thoroughly cleaned
in accordance with procedures set forth in Section 4.1.6.1. Pump capacity
shall be rated at three to five gallons per minute. Pumps shall be operated
to remove water from the well casing continuously for at least five minutes
without pumping the well dry. As an alternative to pumping, an air 1ift
may be utilized to evacuate and surge the well. Where the nature of the
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formation or recharge to the well makes development of the well infeasible
using pumps, bailers may be utilized.

Well development shall continue until representative formation water is
obtained. Representative formation water shall be defined as water which
is generally free of sediment, and has a stable pH, temperature, and speci-
fic conductivity when measured within a period of ten minutes. In general,
well development shall proceed for at least two hours, unless prior experi-
ence suggests that a shorter well development period results in the produc-
tion of formation water which is representative. Well development water
will be discharged onto the ground near the well.

4.1.7 Cement/Bentonite Grout

Cement/bentonite grout is required for backfilling completed soil borings.
The grout will consist of the following proportions per bag of Portland
cement:

1. 7.3 gallons of clean water;
2. 4.0 pounds of sodium bentonite powder;
3. 94 pounds of Type [ Portland cement.

The cement and bentonite will be provided to the job site in full, unopened
bags. The bentonite powder and water will be mixed first. Cement will not
be added to the mixture until the bentonite and water is mixed to a uniform
consistency, free of lumps. At the discretion of the field engineer, the
amount of cement can be increased. The grout will be installed by the
tremie method.
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4.2 Laboratory Testing Program

The specific tests that comprise the laboratory testing program and the
number of tests required is described in Section 2.2 of the Work Plan. The
purpose of this section is to define the standards to which each laboratory
test will comply.

A1l laboratory testing will be supervised by a qualified engineer. Care
will be taken in handling all samples so that the integrity of the sample
is not damaged. When obtaining a sample of harbor sediments, from the
sample container, special care will be taxen to assure that the finer
fraction of the sediments is included in the sample.

4.2.1 Moisture Content Analysis

A1l moisture content analysis will be performed in accordance with

ASTM D2216. Al11 data will be recorded on appropriate laboratory forms. A
copy of ASTM 2216 and a laboratory form are included in Appendices C and H,
respectively. '

4.2.2 Mechanical Sieve Analysis

A11 mechanical sieve analysis will be performed in accordance with

ASTM D422. Hydrometer analysis will not be performed as part of a mechani-
cal sieve analysis. All data will be recorded on appropriate laboratory
forms and summarized on semi-logarithmic grain-size curves. A copy of ASTM
D422, a laboratory form, and grain-size curve are included in Appendices C,
H, and H, respectively.
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4.2.3 No. 200 Sieve Wash

The amount of material that is finer than a No. 200 sieve will be deter-
mined in accordance with ASTM D1140. A1l data will be recorded on appro-
priate laboratory forms. A copy of ASTM D1140 and a laboratory form are
included in Appendices C and H, respectively.

4.2.4 Standard Proctor Test

A1l standard Proctor tests will be performed in accordance with ASTM D698.
Care will be taken to assure that each layer, in the test, is comprised of
the same amount of soil and the same compactive effort is applied to each
layer. All laboratory data will be recorded on appropriate laboratory
forms. A copy of ASTM D698 and a laboratory form are included in
Appendices C and H, respectively.

4.2.5 Consolidation Tests

A1l consolidation tests will be performed in accordance with ASTM D2435.
The consolidation apparatus will be located in the lab so that disturbance
due to vibration, movement of laboratory personnel, etc. is minimized. All
consolidation data will be recorded on appropriate laboratory forms. A
copy of ASTM D2435 and laboratory forms is included in Appendices C and H,
respectively.

4.2.6 Atterberg Limits

A1l Atterberg limits tests will be performed in accordance with ASTM D4318.
A11 test data will be recorded on appropriate forms. A copy of ASTM D4318
and laboratory forms are included in Appendices C and H, respectively.
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4.2.7 Permeability/Compatibility Test

The constant head permeability test for fixed-soil samples will be per-
formed in a modified triaxial consolidation apparatus. For this method, a
flexible rubber membrane encloses the soil sample. Water is pressurized on
the outside of the flexible membrane to hold the membrane against the side
of the soil sample. Water from the site is introduced under pressure at
the bottom of the sample and allowed to move vertically through the sample
until full saturation is achieved. A copy of the triaxial cell permeabil-

ity log sheet and calculation sheet are included in Appendix H.

The procedure for the permeability test is as follows:

The length and diameter of the sample is measured both before and
after the testing for permeability.

The sample is enclosed within a synthetic flexible membrane with a
porous stone on both the top and the bottom ends.

Drain lines are attached to both the top and bottom caps and the
triaxial cell is assembled. The annulus between the cell wall and
sample is flooded with de-aired tap water.

Both the inflow and outflow measuring burettes and their attaching
lines are filled with the water being utilized.

The cell pressure (pressure confining the soil sample within the
rubber jacket) is increased slowly to 40 psig. The pressures on
the influent and effluent burettes are then set to create a dif-
ferential pressure across the sample. The influent burette pres-
sure is set at 35 psig and the effluent pressure is set at
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15 psig, creating a differential pressure across the sample of
20 psig. This is equivalent .u +6 feet of water pressure.

6. The flow in and out of the sample is monitored on a daily basis.
The samples will be tested for a period adequate to displace one
to three sample pore volumes.

7. The permeability is calculated from the dimensions, pressure
differential, and the flow rates for each sample.

The permeability for each sample is determined from Darcy’s law for steady-
state laminar flow. The rearrangement of Darcy’s law used to calculate the
permeabilities of the sample is:

k = q 1/(hA)
Where: k = permeability (cm/sec)
g = flow rate (cm3/sec)
1 = length (cm)
h = pressure differential (cm)
A = total cross sectional area of the sample that is perpen-

dicular to the flow (cmz)

The permeability values are plotted as a function of the displiaced pore
volumes. Examination of the relationship between permeability and pore
volume displacement is the basis for determination of the compatibility of
the soil/bentonite backfill, and natural soils with on-site ground water
and with water that is in contact with PCB sediments.
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The permeability tests for the pitcher barrel samples and recompacted clay
samples will be performed as above, bu. uifferent pressures will be used.
The cell pressure will be 52 psig, the influent pressure will be 50 psig,
and the effluent pressure will be 30 psig.
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5.0 CUSTODY OF SAMPLES

An established program of sample chain-of-custody procedures, that is
followed during sample collection and handling activities in both the field
and laboratory operations, shall be established to assure that sample
integrity is maintained and data generated through the analysis of the
samples is applicable to evaluation of the site. The program is designed
to assure that each sample is accounted for at all times. To maintain the
highest degree of control in sampie handling, preprinted labels will be
utilized so that all necessary information is retained with the sample, and
chain-of-custody records and shipping manifests will be employed to
maintain control over access to and destination of samples after shipment
from the location of sample collection. Additionally, proper completion of
field sample logs, accession books, tracking sheets, and extraction logs by
appropriate field and laboratory personnel will provide for thorough
monitoring of the samples from collection through analysis and final report
generation.

The sample identification, custody, and monitoring procedures shall assure
that:

1. A1l samples collected are uniquely labeled for identification
purposes throughout the analytical process;

2. Samples are correctly analyzed and that results are traceable to
field records;

3. Important sample characteristics are preserved;

4. Samples are protected from loss, damage, or tampering;
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5. Any alteration of samples (e.g., filtration, preservation, or
damage due to shipment or cther processes) is documented;

6. A record of sample integrity and analytical fate is established
for legal purposes.

5.1 Sample Monitoring Forms

The use of the indicated forms listed above accomplishes one or more of the
specific objectives of sample custody, identification, or control. The use
of each of the listed forms is discussed below.

5.1.1 Sample Log

The sample log is completed in the field by the individual physically in
charge of the sampie collection. The sample log correlates the assigned
sample bottle designation to a specific well or sample location or other
distinguishing feature or attribute (i.e., dummy sample, replicate sample,
purge evaluation sample, etc.). The sample log also contains information
concerning day and time of sampling, type, location, and depth for wells,
water depth in the well, purge volume, purge water temperature, pH, and
conductivity as a function of time, procedures utilized to preserve the
sample for analysis, and the sequence in which sampling was compieted.
Other relevant information, such as weather conditions, may also be
included.

5.1.2 Chain-of-Custody Record

The chain-of-custody record is completed in the field by the individual
physically in charge of the sample collection. The chain-of-custody record
may be completed contemporaneously with the sample log or prior to the
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shipment of samples to the laboratory. The chain-of-custody record con-
tains information on the date of samplc .ollection, the sampler, the pro-
ject name and number, laboratory project number, the number of containers
of each sample being shipped, and an itemization of the analyses requested
for each sample together with any remarks about the sample prior to ship-
ment. The chain-of-custody record is enclosed with the samples after it
has been signed by the sampler. The record is then signed each time pos-
session of the samples changes, with the signature of the person relin-
quishing and receiving the sample, as well as the time of exchange being
indicated on the record. A samplie copy of a chain-of-custody form is set
forth on Attachment III of Appendix A.

5.1.3 Accession Book

The accession book is maintained at the receiving analytical laboratory by
the sample custodian. When samples arrive from the field, each container
is assigned a laboratory number which is then logged into the accession
book. Other important information entered into the accession book includes
the name of the shipping firm or person who delivered the samples to the
laboratory, the date received and the individual taking custody, the
container size and any comments related to possible mishandling, abuse or
obvious damage to the shipping container or contents, the name of the
client, the date and time of samplie collection, the samplers initials, and
the site from which the samples originated. The accession book becomes the
permanent record of all samples received by the laboratory for analysis. A
sample page from the accession book is presented on Attachment V of
Appendix A.

5.1.4 Tracking Sheets

The tracking sheets are developed at the time the samples are logged into
the accession book. Each sampie received at the analytical laboratory has
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its own unique tracking sheet. The tracking sheet contains the date the
sample was taken, received by the laboratory, prepared for analysis, and
finally analyzed. Results of analysis as well as dilution of the sample or
any other conditions used are also noted. Tracking sheets are utilized for
presumptive as well as confirming analysis. Final reports are generated
from the information on the tracking sheets. The tracking sheet for each
sample, as well as any notes, chromotographic charts, and atomic absorption
printouts are permanently filed in the records of the laboratory. A sample
tracking sheet is presented on Attachment IV of Appendix A.

5.1.5 Extraction Log

Various types of analyses require that sample extraction and subsequent
volume reduction occur. Each sample which undergoes this process is
recorded in the extraction log with information on all conditions which
existed during the creation of the final extract. Typical information
includes the sample number, initial volume, final volume, date the extrac-
tion/volume reduction was produced, analyst performing the work, the meth-
odology utilized, and any comments about the nature of the sample. Tne
extraction log is a permanent record maintained by the analytical
laboratory.

The flow of samples and analytical data within the Canonie analytical
laboratory is illustrated on Figure 3. Omitted for clarity are procedures
which involve calibration of instrumentation for each analytical run and
verification of instrument detection limits, which are conducted on a
quarterly basis.

5.2 Reagent Documentation

Written documentation of reagents utilized in the analytical laboratory is
maintained in a reagent record book. Information maintained includes the
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date the stock is made, the analyst preparing the stock, the weight or
volume of all materials used in the creation of the stock, the source of
the chemical, and the source Tot number. The record includes information
for stock standards, intermediate stock, and quality assurance stock. U.S.
EPA protocols shall be followed in the creation and testing of all stock.
A1l stock bottles are clearly labeled with the exact contents of the
bottle, the concentration, the date of creation, the expiration date, and
the analyst who created the stock. Reagents are stored at conditions
appropriate for each stock, and are discarded after standard permissible
holding times have been exceeded or if contamination or decomposition of
the stock is evident.

For general inorganic analysis, Analytical Reagent (AR) grade reagents are
utilized. Metal analysis performed via atomic absorption spectroscopy
employs reagents and solvents of spectroquality. For organic analysis, the
minimum purity shall be AR grade. For high pressure liquid chromatography
(HPLC), HPLC grade solvents shall be used. Where requested analysis
requires more stringent grades of reagents, those reagents shall be
utilized. A1l base stock for the creation of reagents in the laboratory
are purchased from reputable suppliers and are of the requisite standard
purity. Typical commercial suppliers which may be used for the purchase of
base stock and standards include Supelco and Chem Service, along with
Foxboro, J. T. Baker, Fisher Scientific, Aldrich, and American Scientific.
Several sources are used so that a contamination or defect in one source
can be detected, by comparison against another source, before a great deal
of false analytical results are reviewed and published. The use of
multiple source in stocking the laboratory’s chemical needs, therefore,
promotes additional quality assurance throughout the analytical process.
Stock and standard solutions are tracked in a manner illustrated on the
forms presented as Attachments VII, VIII, and IX of Appendix A.
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5.3 Packing and Shipping

In addition to sample collection and preservation requirements, especially
the maintenance of sample temperature at 4 degrees C until extraction or
analysis, samples should be packed and shipped properly to maintain the
health and safety of sample transporters. Guidelines for packing and
shipping of samples are included in Appendix I.
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6.0 CALIBRATION PROCEDURES AND FREGUENCY

6.1 Calibration Procedures for Laboratory Equipment

Equipment shall be calibrated in accordance with procedures presented in
the appropriate ASTM specifications.

6.2 Calibration Procedures and Frequency for Field Instruments

Equipment utilized in the field shall be calibrated prior to each day’s
use. The procedures for each piece of equipment which will be utilized are
set forth below. If other instruments are used, the manufacturer’s
calibration procedures shall be followed.

6.2.1 Thermometer

Using a National Bureau of Standards-approved thermometer, immerse both the
field thermometer and NBS-approved thermometer into a beaker of water and
note any differences for the field probe.

Recalibrate the field probe as necessary.

6.2.2 Specific Conductance Meter

Calibrate meter and probe using the calibration control and the conductance
calibration line on the meter dial or a standard solution of known conduct-
ance.

Turn the function switch to read conductivity x 10 and then depress the
cell test button, noting the deflection. If the needle falls more than two
percent of the reading, clean the probe and retest.
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Using at least two potassium chloride buffer solutions which will most
1ikely bracket the range of expected conductivity, note accuracy of the

meter and probe and clean probe if necessary.

6.2.3 pH Meter

Place electrodes and the manufacturer’s supplied buffer solutions in a
water bath at the temperature of the water to be sampled. After tempera-
ture equilibrium has been established, measure the temperature and adjust
the temperature compensation knob for the temperature indicated.

If refillable electrode probes are used, remove the electrode cap and check
that probe solution is above the full mark.

Immerse the probe in the pH 7 buffer solution and adjust the calibration
control to read pH 7.

Remove the probe, rinse with distilled water and then immerse in either the
pH 4 or pH 10 buffer solution, depending on the expected pH of the sample
solution.

[f the pH meter does not register the correct pH for the buffer solution
tested, adjust the calibration knob on the back of the instrument so that
the meter reads the correct pH as defined by the buffer solution tested.

After rinsing the probe, insert the probe into the sample to be tested and
allow the probe to come to equilibrium with the sample water prior to
recording the readout.



Section: 7.0

Revision No.:

Date: Augqust 22, 1988
Page: 47

7.0 ANALYTICAL PROCEDURES

7.1 Selectign of Parameters

The selection of parameters for the project is made through an evaluation
of existing data and an analysis of data needs with respect to the project
objectives. The parameters of interest are designated in the pre-design
phase of the Work Plan, and particular parameters to be addressed in each
sample are noted.

7.2 Selection of Procedures

Procedures to be utilized in accomplishing the activity described in the
pre-design phase of the Work Plan shall be in accordance with methods,
protocols, and procedures set forth in Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods, SW-846, Method 8080, U.S. Environmental
Protection Agency, 1982, Methods for Organic Chemical Analysis of Municipal
and Industrial Wastewater, PB83-201796, Method 608, U.S. Environmental
Protection Agency, Cincinnati, Ohio, 1982, and relevant materials testing
methods approved by the American Society of Testing and Materials (ASTM),
including the following listed here that are included in Appendix C:

ASTM D1586 Method for Penetration Test and Split-Barrel Sampling of
Soils

ASTM D4220 Practices for Preserving and Transporting Soil Samples

ASTM D2113 Practice for Diamond Core Drilling for Site Investigation

ASTM D1785 Specification for Polyvinyl Chloride (PVC) Plastic Pipe,
Schedules 40, 80, and 120

ASTM D2216 Method for Laboratory Determination of Water (Moisture)
Content of Soil, Rock, and Soil-Aggregate Mixtures

ASTM D422 Method for Particle-Size Analysis of Soils



Section: 7.0

Revision No.:

Date: August 22, 1988
Page: 48

ASTM D1140 Method for Amount of Material in Soils Finer than the
No. 200 (75-um) Sieve

ASTM D698 Methods for Moisture-Density Relations of Soils and Soil-
Aggregate Mixtures Using 5.5-1b. (2.49-kg) Rammer and 12-
in. (305-mm) Drop

ASTM D2435 Method for One-Dimensional Consolidation Properties of
Soils

ASTM D4318 Method for Liquid Limit, Plastic Limit, and Plasticity
Index of Soils
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING

Data reduction is the process of conveiting measurement system outputs to
an expression of the parameter which is consistent with the comparability
objective identified in Section 3.5 of this plan. Calculations compieted
during data reduction of analytical results shall be in accordance with
approved U.S. EPA analytical methods and procedures. ’

Field data collection and validation will follow the process illustrated on
Figure 2. Once the data is obtained, it is reviewed and assessed for
overall adequacy by the Operations Coordinator. If it is determined that
the initial data collection activity, or a portion thereof, did not provide
adequate data, the activity will be repeated.

Calculations performed during data reduction shall be reviewed by the
chemist performing the analysis, by the engineer/scientist/technician
collecting data in the field, or by the engineer/scientist evaluating data
in the laboratory, prior to the release of any data reporting, thus
assuring that reporting errors are kept to a minimum. Laboratory review of
data reduction is illustrated on Figure 3.

Analytical results reported for each sample shall be verified to assure
proper identification by comparing the original sample collection logs with
the chain-of-custody forms and the various laboratory log books. Based
upon the results of this validation procedure, the laboratory shall certify
that the results are in compliance with the quality assurance objectives
for accuracy and precision. Upon certification by the laboratory manager,
the reported values shall be received and reviewed by the technical staff
and the Quality Assurance Coordinator, if deemed necessary. Analytical
data shal? he presented in a format i{llustrated by Figure 4.
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Field or analytical data entered into the corporate computer database for
storage, analysis, or report generation, ..uall be initially submitted to
the Manager of Data Processing, or his designee. Data submitted for entry
has been checked and verified by the engineer, scientist, chemist, or
technician as being accurate and compiete, and meeting the quality
assurance criteria established for the phase of work in which the data was
developed. Data is then entered into the computer by data entry operators
using’standardized entry forms developed especially for the type of data
under consideration. '

After entry of the data into the computer, a hard copy printout of the data
is generated and the printout is compared directly with the original data
sheets. A data entry operator who was not involved in the original entry
of the data to the computer reviews the hardcopy printout. Each entry is
reviewed, and inaccurate entries are highlighted. After review is com-
plete, the hardcopy printout is returned to the original data entry opera-
tor and the noted inaccuracies are corrected. A final printout of the data
is generated by the computer and the corrected version of the database is
reviewed. After all corrections have been made to the database, the origi-
nal data sheets are stamped "POSTED", and filed in the office’s central
file.

Data, information, or designs, submitted to the drafting department for
development, are initially prepared by the engineer or scientist charged
with the responsibility for creation of a graphical representation. The
sketch or graphic representation is then reviewed by the engineer or scien-
tist originating the material and the chief draftsman for format, intent,
and consistency with prior work. The drawing is then assigned a unique
project drawing number, the number and title of the drawing is entered into
the drafting department log, and a draftsman is assigned to formally devel-
op the drawing. After completing the initial presentation of the drawing,
a paper check print is produced for review by the originating engineer or
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scientist. All information on the check print is reviewed and approved
information is highlighted with a yellow highlighter marker, while incor-
rect information, changes, or additions are noted in red ink. The check
print is then returned to the draftsman for correction, and a final check
print is issued for review. Upon approval of the final check print, the
originating engineer or scientist signs and dates the mylar original. The
drawing is then reviewed by the task leader or project manager for consis-
tency with project objectives, and then the task leader or project manager
signs and dates the original mylar.

Revisions to previously approved mylar drawings are submitted to the draft-
ing department on paper prints of the original mylar. Revisions are made
to the mylar, with a review process occurring as noted above for original
work. When the revisions are finally approved, a notation of the revision
scope is noted in the margin of the drawing, and the dated, revised drawing
is then signed by the individual approving the revision as presented.
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INTERNAL QUALITY CONTROL ANALYTICAL LABORATORY

This section is included for analysis of PCBs for the water treatment
assessment. The internal quality control standards for the laboratory are

presented in Appendix A.

The following sections from Appendix A are

appropriate and relevant for the laboratory analytical work for the pre-

design phase.

Section
Section
Section
Section

Section
Section
Section
Section
Section
Section
Section

(S N S

Introduction

Personnel

Sample Custody

Calibration and Maintenance Procedures
Pages 16, 24, 25, 26, and 28

Analytical Procedures, Page 37

Data Review and Reporting

Quality Control

Establishment of Acceptable Limits

Acceptance Criteria and Problems

Analysis of External Reference Samples

Review of Analytical Results by the
Quality Assurance Officer
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10.0 AUDITS

Quality assurance audits are.performed to assure and document that quality
control measures are being utilized to provide data of acceptable quality
and that subsequent calculations, interpretation, and other project outputs
are checked and validated. The quality assurance coordinator or a member
of the quality assurance review team will visit the site periodically and
unannounced to assure that the designated control procedures set forth in
this document are practiced.

At least one system and performance audits may be conducted by the Quality
Assurance Coordinator. The Quality Review Team will conduct project audits
of calculations, interpretations, and reports which are based on the
measurement system outputs.

10.1 Systems Audit

At least one systems audit may be conducted on 211 components of
measurement systems to determine proper selection and utilization. The
systems audit shall include evaluation of both field and laboratory
procedures.

10.1.1 Organization and Personnel

The project organization is reviewed for compliance with the proposed
organization and for clarity of assigned responsibility. Personnel
assigned to the project will be reviewed to determine that assigned
responsibility, skill, and training of the personnel are properly matched
to the requirements of the project. The Technical Project Director will
maintain firsthand knowledge of his/her team’s capabilities and will
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discuss the organization’s efficiency with the Quality Assurance Coordi-
nator. Assigned personnel may be inte.vi.ewed by the Quality Assurance

Coordinator during an audit.

10.1.2 Facilities and Equipment

The audit will address whether field tools, analytical instruments, and
construction equipment selected and meet the requirements specified by the
project objectives stated in this Plan and other project work plans.
Equipment and facilities provided for personnel health and safety will also
be evaluated.

10.1.3 Analytical Methodo]ogy

Routine external performance evaluations as well as blind internal perfor-
mance evaluations will be conducted in accordance with standard procedures
of the U.S. EPA. A review of analytical methodology in regard to the data
requirements for the project will also be performed. An on-site observa-
tion of analyst technique, data reduction, and recordkeeping may be per-
formed if determined necessary. Periodic review of the precision and
accuracy of data shall also be performed.

10.1.4 Sampling and Sample Handling Procedure

An audit of scheduled samples versus samples collected versus samples
received for analysis shall be performed. Field documentation will be
reviewed. [f deemed necessary, a site visit will be made to assure that
designated control procedures are practiced during sampling activities.
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10.1.5 Data Handling

During a systems audit, the Quality Assurance Coordinator will review data
handling procedures with the Technical Project Director and Task Leaders.
Accuracy, consistency, documentation, and appropriate selection of method-
ologies will be discussed.

10.2 Performance Audit

These audits are intended primarily for analytical and data generation
systems. The laboratory will complete its own performance evaluations as
discussed in Appendix A.

10.3 Project Audit

Project audits encompass the aspects of both the systems audit and the
performance audit. The project audit typically occurs at least twice for a
short-term project and more often during long-term projects. Timing is
keyed to the systems involved and the project objectives.

10.4 QA Audit Report

A written report of the Quality Assurance audit may be prepared to include:

1. An assessment of task force’s status in each of the major project
areas;

2. Clear statements of areas requiring improvement or problems to be
corrected. Recommendation and assistance will be provided regard-
ing proposed corrective actions or system improvements. If no
action is required, the report will state that the QA audit was
satisfactorily completed.
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3. A timetable for any corrective action required;

4. A follow-up to assure that recommendations have been implementec.
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11.0 PREVENTIVE MAINTENANCE

Preventive maintenance of all field equipment proceeds routinely before
each sampling event; more extensive maintenance is performed on the basis
of hours in use.

Laboratory equipment is maintained on a regular, scheduled basis. This
maintenance is documented in the laboratory records book for each instru-
ment. Emergency repair or scheduled manufacturer’s maintenance is proVided
under repair and maintenance contracts with factory representatives.
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12.0 DATA ASSESSMENT

The purpose of data quality assessment is to assure that data generated
under the program is accurate and consistent with project objectives. The
quality of data will be assessed based on the precision, accuracy, consist-
ency, and completeness of the data that is measured or generated.

Data quality assessment will be conducted in three phases:

12.1 Phase 1

Prior to data collection, sampling and analytical procedures will be evalu-
ated in regard to their ability to generate the appropriate technically
acceptable information required to achieve project objectives. This Qual-
ity Assurance/Quality Control Plan meets this requirement by establishing
project objectives defined in terms of parameters, analytical methods, and
required performance levels.

12.2 Phase 2

During data collection, results will be assessed to assure that the select-
ed procedures are efficient and effective, and that the data generated
provides sufficient information to achieve project objectives. Precision
and accuracy of measurement systems will also be evaluated. In general,
evaluation of data will be based on performance audits and review of com-
pleteness objectives.

Documentation will include:

1. Number of replicate samples collected;
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2. Number of replicate, spike, and field blank samples analyzed;
3. Use of historical data and its reference;
4. Identification of analytical method used;
5. Evaluation of the data package, which will include:
o Initial calibration and calibration verification.
o Continuing calibration verification after every 20 samples
for elemental parameters and daily for semi-volatiles.
o Spiked sample analysis after every 10 samples for elemental
parameters and after every 20 samples for semi-volatiles.
10 percent preparation blank analysis.

o One duplicate sample analysis for every 10 samples.

The technical director of Canonie’s laboratory will be responsible for any
additional evaluation required of analytical data packages.

12.3 Phase 3

Throughout the data collection activities, an assessment of the adequacy of
the database generated in regard to completing the project objectives will
be undertaken. Recommendations for improved quality control will be devel-
oped, if appropriate. In the event that data gaps are identified, the
Quality Assurance Coordinator or Quality Review Team may recommend the
collection of additional raw data to fully support the project’s findings
and recommendations.
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13.0 CORRECTIVE ACTION

Corrective or preventive action is required when potential or existing
conditions are identified that may have an adverse impact on data quantity
or quality. Corrective action could be immediate or long-term. In gene-
ral, any member of the program staff who identifies a condition adversely
affecting quality can initiate corrective action by notifying in writing
his or her supervisor and the Quality Assurance Coordinator. The written
communication will identify the condition and explain how it may affect
data quality or quantity. Corrective action in the field is the responsi-
bility of each individual of the on-site staff, with review of procedures
to be used occurring prior to sampling episodes and a check of the proce-
dures implemented taking place after the sampling episode is compieted.

Corrective actions with regard to laboratory analyses are the responsibil-
ity of the designated laboratory. In general, situations which may require
corrective action are identified through the analysis of travel blanks and
blanks retained in the laboratory, which would show any potential contami-
nation of samples by incorrect laboratory preparation procedures or through
the shipping phase, if it existed. These blanks are included in each
sample set shipped to the laboratory, providing a constant check on these
two potential sources of error. Ouring analysis, the typical procedure
which the chemist utilizes in testing the samples involves the analysis of
a laboratory blank, a calibration samplie, a laboratory blank, several field
samples, a live spike, a spiked laboratory blank, and several duplicates
and/or replicates. Overall quality control in the laboratory is maintained
by utilizing quality control standards which are prepared independently
from calibration standards. Preparation of quality control standards may
be by a chemist not directly involved in the preparation of the calibration
standards, by an outside laboratory, or by a manufacturer/supplier of
laboratory supplies. The acceptance or rejection of analytical data is
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contingent upon the results of analysis presented for the quality control
and calibration standards. The plotting of quality control data on a chart
allows for continued tracking of quality control procedures and results,
with this information as well as all analytical results retained in the
files for future reference and review.

13.1 Immediate Corrective Action

This type of corrective action is usually applied to spontaneous, non-
recurring problems, such as an instrument malfunction. The individual who
detects or suspects nonconformance to previously established criteria or
protocol in equipment, instruments, data, methods, etc., will immediately
notify his/her supervisor. The supervisor and the appropriate task leader .
will then investigate the extent of the problem and take the necessary
corrective steps. If a large quantity of data is affected, the task leader
must prepare a memorandum to the Project Manager, the client, and the
Quality Assurance Coordinator. These individuals will collectively decide
on a course of action to correct the deficiencies while the project con-
tinues to proceed. If the problem is limited in scope, the Task Leader
will decide on the corrective action measure, document the solution in the
appropriate workbook, and notify the Project Manager, the client, and the
Quality Assurance Coordinator in memorandum form.

13.2 Long-term Corrective Action

Long-term corrective action procedures are devised and implemented to
prevent the recurrence of a potentially serious problem. The Quality
Assurance Coordinator will be notified of the problem and will conduct an
investigation to determine the severity and extent of the problem. The
Quality Assurance Coordinator will then file a corrective action request
with the Project Manager and Quality Review Team. In case of dispute
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between the Quality Review Team and the Project Manager, the Responsible
Corporate Officer will make a final determination for the company.

Corrective actions may also be initiated as a result of other activities
including:

Performance Audits;

System Audits;

Laboratory/field comparison studies;

Quality Assurance/Quality Controi program audits conducted by the
Quality Review Team.

o O O o

The Quality Assurance Coordinator will be responsible for documenting ail
notifications, recommendations, anad final decisions. The Project Manager
and the Quality Assurance Coordinator will be jointly responsible for
notifying program staff and impiementing the agreed upon course of action.
The Quality Assurance Coordinator will be responsible for verifying the
efficiency of the implemented actions. The development and implementation
of preventative and corrective actions will be timed, to the extent pos-
sible, to minimize any adverse impact on project schedules and subsequent
data generation/processing activities. However, scheduling delays will not
override the decision to correct the data collection deficiencies or inac-
curacies before proceeding with additional data collection. The Quality
Assurance Coordinator will also be responsible for developing and imple-
menting routine program controls to minimize the need for corrective
action.
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14.0 REPORTS TO MANAGEMENT

Periodic summary reports will be prepared to inform management of project
status. The reports will include:

1. Periodic assessment of measurement data accuracy, precision, and
completeness;

2. Results of performance audits and/or systems audits;

3. Significant Quality Assurance/Quality Control problems and recom-
mended solutions;

4. Status of solutions to any problems previously identified.

Additionally, any incidents requiring corrective action will be fully
documented. Procedurally, the Quality Assurance Coordinator will prepare
the reports to management. These reports will be addressed to the Project
Manager and the Quality Review Team. The summary of findings shall be
factual, concise, and complete. Any required supporting information will
be appended to the report.
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1.0 INTRODUCTION

The purpose of the following Quality Assurance (QA) and Quality Control (QC)
program is to ensure that the data generated by Canonie Environmental Services
Corp., (Canonie) are accurate, precise, and, if necessary, will provide a
sound legal background for any enforcement activities. The QA/QC program
utilized by Canonie is based on EPA and CLP criteria,

The QA program is designed to ensure the reliability in the identification and
measurement data. The QC program is designed to obtain prescribed standards
of performance in the identitication anc .:easurement data. The above areas
will be discussed in detail along with sampling, collection and preservation,
sample control (log-in & storage), instrument calibration and maintenance, and
analytical methodology.
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CANONIE ENVIRONMENTAL SERVICES CORP,

Project Manager; M,S. and B,S. Chemistry, 15 years
laboratory experience in the toxicology and environmental
areas. Responsible for the overall daily operations of the
laboratory.

Project Supervisor; B.S, Biology/Chemistry, Masters Business
Administration, 17 years of laboratory experience.
Responsible for marketing analytical and engineering
services. Proficient in all areas of the laboratory with

varied sample types, including environmental and industrial
processes.

Project Supervisor; B.S. Chemistry/Biochemistry,
Laboratory Operations Manager, 4 years Environmental
Chemistry experience. Proficient in all areas of organic

analyses, and computer automated systems,

Project Scientist; GC/MS Supervisor; B.S. Environmenta)
Science, 11 years laboratory experience, with 6 years GC/MS
analysis and interpretation, including CLP samples and
associated documentation,
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Assistant Project Scientist; Pesticide/Herbicide
Specialist, B.S. Chemistry, 6 years research lab

experience., Proficient in Capillary GC, HPLC, IR, UV, and
FT"NMR.

Chemist, Pesticide/Herbicide Specialist, B.S. Chemistry,
Chemical Engineering (Drilling Fluids) 10 years laboratory
experience, 5 years experience in marketing and management.

Chemist, Pesticide/Herbicide Specialist, B.S. Biochemistry,
4 years pesticide extraction experience, Gel Premeation
Column experience, proficient in sample preparation and

cleanup.

Chemist; B.S. Forensic Sciences/Chemistry, 4 years
Laboratory experience. Experienced in Volatile Organic
Analysis and Inorganic Analysis. Proficient in all aspects
of VOA analysis, start-up and operation of the purge and
trap and GC system. Experienced in the operation of an AA,

Chemist; B,S. Chemistry and Biology, 3 years laboratory
Experience in both inorganic preparation and all wet
chemistry analysis, Proficient in all aspects of Volatile
Organic Analysis and the operation of headspeace analyzers,

purge and trap systems, and gas chromatographs.

Chemist; B.S. Biochemistry, 7 years experience in
Anaiytical chemistry, including 3 years with Canonie,
Proficient in ICP, GFAAS, AA, IC, UV-VIS and all other
instruments involved in inorganic analysis of soils, waters

and hazardous wastes.
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3.0 SAMPLING PROCEDURES

One of the most important things to keep in mind is that the information
obtained from the analysis of a sample is only as good as the sample itself,
The sample should be as close a representative of the actual site in question
as possible.

Canonie Environmental Services Corp. provides its own sampling service upon
request, using techniques in accordance to EPA's "Characterization of
Hazardous Waste Sites-A, Methods Manual: Volume II, Available Sampling
Methods" and "Standard Methods'".

After sampling, the chemical and physical integrity of the sample must be
maintained. Preservation of the sample is dependent upon the sample type and
the required analysis. Usually keeping the sample on ice and sending it to

the laboratory as soon as possible after sampling is sufficient,

Table I lists the recommended sampling, preservation procedure, container, and

sample volume,

Canonie-
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Parsmatar

Cyanide

fFluoride

Hardness

Hesavalent Chromius
Hydroxide
Ignitabrlity

(flash Point)

Metals Suspended
(oxcept Cr V1)

Metals, Dissolved
(except Cr V1)

Metals, Total
(encept Cr V1)

kitrate
Nitrite
Kitrogen, Kjeldahl

(total)

Odor

011 & Grease

Organic Compounds

Table 1

Collection Volume
Technique Contatner (ml) Preservation
Grab or ?.G 500 NaOH to pH»12, 0.6g
Composite Ascorbic Acid
rab or 4 300 None Required
Composite

Grab or P.G 100 HNO3 to pH <2
Compos ite

Grab or P.G 100 Cool, 4 degrees C
Composite :
Grab or P.G 100 Cool, 4 degrees C
Composite

Grab or G 200 Cool, 4 degrees C
Composite

Grab or P.G 1000 Filter onsite
Composite

Grab or P.G 1000 fi1lter onsite, HNO3
Composite to pH «2

Grab or P,G 1000 HNO3 to pH «2
Composite

Grab or P,G 100 Cool, 4 degrees C
Composite H2504 to pH <« 2
Grab or P.G 50 Cool, 4 dagrees C
Compostite

Grab or P,G 500 HNO3 to pH <2
Composite

Grab only G 200 Cool, 4 degreas C
Grab only G 1000 Cool 4 degrees C

H2S04 to pH <2

Grab only G 3000 Cool, 4 degrees C

4

n't)

Holding Time

A—

Method Technique

14 days

28 days

6 months

24 hours

14 days

6 months, except
Hg—28 days

6 months, except
Hg—:8 days

6 months, except
Hg—28 doays

48 hours
28 days
48 hours

28 days

24 hours

28 days

7 days

Distillation

Spacific lon Electrode

Titrimetry

Spectrophotometry
Titrimetry

Closed Cop

Atomic Absorption
Atomic Absorption
Atomic Absorption
Spectrophotometry
Spectrophotometry
Distillation,
Titrimetry

Sensory Detection

Extraction,
Gravimetry

Gas Chromatography

Canonieﬁ wironenlal

Method

9010

340.2

130.2

SM 312.3

ASTM D 514

1010

200.

200,

200.

353.3

354.1

351.3

140.1
413,

600 sertes

Detecr:ion
Limit

0.02

0.1

1.0

0,005

1.0

S
3756°

S
g7-56°

See pg
57-59
0.05
0.005

0.1

1.0
1.0

See pg
271-52




Paramster

Cysnide

fluoride

Hardness

Haxavalent Chromtus
Hydroxide
fgnitabrliny

(flash Point)

Metals Suspended
(except Cr VI)

Meteals, Dissolved
(encept Cr ¥i)

Metals, Total
(excapt Cr VI)

Nitrate

Nitrite

Nitrogen, Kjeldahl
(total)

Odor

01) & Graase

Organic Compounds

Table 1 7 wn't)

Collection Volume

Technique Contatiner (ml) Preservation Holding Time Method Technique
Grab or P.G 500 NaOH to pH>12, 0.69g 14 days Distillation
Composite Ascorbic Acid

Grab or 4 300 None Required 28 days Specific lon Electrode
Compos tte

Grab or P.G 100 HNOJ to pH <2 6 months Titrimetry
Composite

Grab or P.G 100 Cool, 4 degrees C 24 hours Spectrophotometry
Composite ‘

Grab or P.G 100 Cool, 4 degrees C 14 days Titrimetry
Composite

Grab or 6 200 Cool, 4 degrees C Closed Cep
Composite

Grab or P.G 1000 Filter onsite 6 months, except Atomic Absorption
Composite Hg—28 days

Grab or P.G 1000 Filter onsite, HNO3 6 months, except Atomic Absorption
Composite tc pH «2 Hg—28 days

Grab or P.G 1000 HNO3 to pH «2 6 mon*hs, except Atomic Absorption
Composite Hg—28 days

Grab or P.G 100 Cool, 4 degrees C 48 hours Spectrophotometry
Composite H2504 to pH <« 2 28 days

Grab or P,G 50 Cool, 4 degrees C 48 hours Spectrophotometry
Composite

Grab or P,G 500 HNO3 to pH <2 28 days Distillation,
Composite Titrimetry

Grab only G 200 Cool, 4 degress C 24 hours Sensory Detection
Grab only G 1000 Cool 4 degrees C 28 days Extraction,

H2504 to pH <2 Gravimetry
Grab only G 3000 Cool, 4 degrees C 7 days Gas Chromatography

Canonie!l" WITONN e

Detecr.ion
Mg thod Limit
9010 0,02
340.2 0.1
130.2 1.0
SM 312.3 0,005

ASTM O 514 1.0

1010
200. See
57-55°
200. See pg
57-56
200 . See pg
57-59
353.3 0.05
354.1 0.005
351.3 0.1
140.1 1.0
4131 1.0
600 series See pg
271-52




Table 1 "“on't)
Collection Volume
Parameter Technique Container (ml) Preservation Holding Time

Sulfide Grab or P.G 500 Cool, 4 degree C,2m) 7 deys
Camposite 1inc acetate & NaOH

Sulfite Grab or P.G 50 Determine onsite No holding
Composite

Surfactants (MBAS) Grab or P.G 250 Cool, 4 degrees C 48 hours
Composite

Total Organic Carbon Grab or G, Teflon- 25 Cool, 4 degrees C 28 days

(10C) Composite lined cap HC) to pH <2

Total Organic Halogens Grab or G, Amber 100 Cool, 4 degrees Cadd 7 days

(ToX) Composite Teflonline 1ml 0,1M Na sulfite

Tennins & Lignins Grab or P.G 100 None 48 hours
Composite

Turbidity Grab or P.G 100 Cool, 4 degrees C 48 hours
Composite

Volatile Organics Grag only G 120 Cool, 4 degrees C 14 days

Method Technique Method
Titrimetry 376.1
Titrimetry ina
Extraction 4251
Spectrophotometry
Combustion- SM 505
Infared
TOX Instrumentation
Spectrophotometry SM 513
Nephlometry 180.1
Gas Chromstography 601 and 602

D _cthon
Lymit

2.0

0.05

1.0

0.1

0.00

See pg
21-29
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Table 1 ““on't)
Collection Volume
Parameter Technique Container (ml) Preservation Holding Time

Sulfide Grab or P.G 500 Cool, 4 degree C,2m) 7 days
Composite 2inc acetate & NaOH

Sulfite Grab or P.G 50 Determine onsite No holding
Composite

Surfectants (MBAS) Grab or P.G 250 Cool, 4 degrees C 48 hours
Composite

Total Organic Cerbon Grab or G, Teflon- 25 Cool, 4 degrees C 28 days

(T0C) Composite 1ined cap HC) to pH <2

Total Organic Halogens Grab or G, Amber 100 Cool, 4 degrees Cadd 7 days

(TOX) Composite Teflonline Tml 0.1M Na sulfite

Tannins & Lignins Grab or P.G 100 None 48 hours
Compos ite

Turbidity Grab or P.G 100 Cool, 4 degrees C 48 hours
Composite

Volatile Orgenics Grag only G 120 Cool, 4 degrees C 14 days

Method Technique Method
Titrimetry 3761
Titrimetry ma
Extraction 4251
Spectrophotometry
Combustion- SM 505
Infared
TOX Instrumentstion
Spectrophotometry SM 513
Nephlometry 180.1
Gas Chromatography 601 and 602

De. _ction
Limyt

2.0

0.05

1.0

0.1

0.01

See pg
21-29
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2. If sample containers are to be provided by Canonie, the bottle
request section is filled out which indicates the number and
type of container and where and when to send them, (See
Attachment II,)

3. Along with the sample containers, a chain-of-custody form
(Attachment I11) and sample labels are included as a complete
package.

Sampling

1. Collection and preservation of the sample in accordance to

analysis protocol must be maintained,
2. A1l information on the sample label should be completed,

3. The sample origination should be noted so there is never any

question regarding sample origin.
4, The chain-of-custody should reflect the identification of the
sample to appear on the final report, this can be up to 20

characters per sample 10.

5. Any unusal observations noted or problems encountered during

sampling should be noted on the chain-of-custody form,

Canonie- . — .
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If sample containers are to be provided by Canonie, the bottle
request section is filled out which indicates the number and
type of container and where and when to send them, (See
Attachment II,)

Along with the sample containers, a chain-of-custody form
(Attachment III) and sample labels are included as a complete
package.

Sampling

1-

Collection and preservation of the sample in accordance to
analysis protocol must be maintained.

A1l information on the sample label should be completed.

The sample origination should be noted so there is never any

question regarding sample origin.
The chain-of-custody should reflect the identification of the
sample to appear on the final report, this can be up to 20

characters per sample ID.

Any unusal observations noted or problems encountered during
sampling should be noted on the chain-of-custody form.
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“anonte Envi mental Analytical Laboratory

“Ttont:

Billtng Address:

hone Numbear:

Project #:

LP /3

cC:
Quote 7:
Cltont *, 0. #:
Source: | YR
Date _Sampled:

Turn Around Time

Charge %
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— CANONIE ENVIRONMENTAL LABORATORY SAMPLE TRACKING SHEET TLLP #:
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— CANONIE ENVIRONMENTAL LABORATORY SAMPLE TRACKING SHEET ‘LP =
SLIENT ‘ SAMPLER | D LAB 1.D CONTAINER
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JNITS: DATE ANAL: LAB 1 D.
1
MDL ANALYTE(S) FINAL

S SO S—

Attachment IV




SAMPLE CONTROL

CanonieEnvironmental RECORD

REFRIGERATOR

LABORATORY ACCESSION DATE AND TIME +REASON DATE AND TIME
SAMPLE NUMBER BY: REMOVED RETURNED

*REASON CODE
1 = INITIAL STORAGE 2 = SAMPLE PREPARATION 3 = SAMPLE ANALYSIS 4 = DISPOSAL 5 = OTHER (INCLUDE BRIEF STATEMENT)

Attachment VI



CanonieEnvironmental

87-2

SAMPLE CONTROL

REFRIGERATOR____.__
LABORATORY ACCESSION DATE AND TIME +REASON DATE AND TIME
SAMPLE NUMBER BY: REMOVED

RETURNED

+REASON CODE
] oy

INITIAL. STORAGE

2 = SAMPLE PREPARATION 3 = SAMPLE ANALYSIS

4 = DISPOSAL 5 =

OTHER (INCLUDE BRIEF STATEMENT)

(

(
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5.0 CALIBRATION AND MAINTENANCE PROCEDURES

To assure the performance of the instruments used by Canonie Environmental

Services Corp,, records are kept on any maintenance done, both preventative

and necessary, The record contains the date, worker, problems (if any),

maintenance performed, and the results,

1.

Gas and Liquid Chromatographs

The chromatographs are calibrated daily for each analysis

to be performed. Calibration is done upon initial start-up
and is rechecked periodically during the day depending on

the number of samples run through the instrument. Calibration
is done using a standard in the middle of the linear range for
the instrument. As a general rule, after 10 samples are
analyzed, the calibration curve is checked. Between
calibrations, a QC sample is also monitored.

Initial calibration of the instrument is based on a five-point
curve. Once linearity has been demonstrated, a three-point
curve is routinely analyzed. From the initial calibration, an
average response factor (conc./area) is determined from the
five points. This response factor is compared to the response
factor generated from the daily calibration, The daily
response factor should be within + 10%2 of the average response
factor; if it lies outside these limits a three-point curve is
performed. If linearity is not acheived, then actions are
taken to rectify the situation. Depending on the particular
instrument and detector, a variety of routine maintenance is

required,

Canonie- 1 —in
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5.0 CALIBRATION AND MAINTENANCE PROCEDURES

To assure the performance of the instruments used by Canonie Environmental
Services Corp., records are kept on any maintenance done, both preventative
and necessary. The record contains the date, worker, problems (if any),

maintenance performed, and the results.
1. Gas and Liquid Chromatographs

The chromatographs are calibrated daily for each analysis
to be performed. Calibration is done upon initial start-up e
and is rechecked periodically during the day depending on

the number of samples run through the instrument. Calibration
is done using a standard in the middle of the linear range for
the instrument, As a general rule, after 10 samples are
analyzed, the calibration curve is checked. Between
calibrations, a QC sample is also monitored.

Initial calibration of the instrument is based on a five-point
curve, Once linearity has been demonstrated, a three-point
curve is routinely analyzed. From the initjal calibration, an
average response factor (conc./area) is determined from the ~
five points. This response factor is compared to the response
factor generated from the daily calibration. The daily
response factor should be within + 10Z of the average response
factor; if it lies outside these limits a three-point curve is
performed. If linearity is not acheived, then actions are
taken to rectify the situation, Depending on the particular
instrument and detector, a variety of routine maintenance is

required,
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Inductively Coupled Plasma Spectrometer
Calibration

Six solutions are used to calibrate and to verify the
calibration of the ICP, These are (1) calibration blank
solution (2) calibration standard solution, (3) initial
calibration verification standard solution (4) interference
check standard solution (5) l1inear check standard solution and
(6) a quality control standard solution. The analytical curve
is generated by the calibration blank and the calibration
standard solution. After generation of the analytical curve,
the initial calibration verification standard solution f1s
analyzed. The recovery must be 90 to 110% of the expected
value. The interference check standard {s analyzed next. The
recovery must be within a 40% window (80 to 120%). The linear
check standard {s then analyzed. The value of this standard is
at two times the detection 1imit. Next a quality control
standard is analyzed. The standard {is usual from an outside
source (EPA and/or ERA). The recovery of the standard must be
within 90 to 110% of the expected value. If any of the above
given criterfa for any standard fafls the problem must be
corrected and the instrument recalibrated.

Canonier - =
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Inductively Coupled Plasma Spectrometer
Calibration

Six solutions are used to calibrate and to verify the
calibratfon of the ICP. These are (1) calibration blank
solution (2) calibration standard solution, (3) {nitial
calibration verification standard solution (4) interference
check standard solution (5) linear check standard sclution and
(6) a quality control standard solution. The analytical curve
is generated by the calibration blank and the calibration
standard sc’ution, ‘‘rter generatfon of the analytica. curve,
the fnitfal calibration verification standard solution fis
analyzed. The recovery must be 90 to 110% of the expected
value. The interference check standard {s analyzed next. The
recovery must be within a 40% window (80 to 120%). The linear
check standard is then analyzed. The value of this standard is
at two times the detection 1imit. Next a quality control
standard 1s analyzed. The standard is usual from an ocutside
source (EPA and/or ERA). The recovery of the standard must be
within 90 to 110% of the expected value. If any of the above
given criteria for any standard fails the problem must be

corrected and the instrument recalibrated.
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Ovens

A daily temperature check is performed on ovens used for TSS
and TDS analysis, Ovens not used for analysis purposes are
monitored every 6 months to insure that the temperature range
is accurate,

Thermometers

A1l thermometers used by Canonie Environmental Services Corp.
are calibrated against an NBS certified thermometer. Each
thermometer has a unique identification tag in order to monitor
its performance. Annually, the thermometers are checked for
their accuracy by submerging them in three different
temperature baths, Thermometers found to deviate more than 1°¢C

for a given range are used for noncritical work, or discarded.

CanoniEEi LTI
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Ovens

A daily temperature check is performed on ovens used for TSS
and TDS analysis., Ovens not used for analysis purposes are

monitored every 6 months to insure that the temperature range
is accurate.

Thermometers

A1l thermometers used by Canonie Environmental Services Corp.
are calibrated against an NBS certjfied thermometer. Each
thermometer has a unique identification tag in order to monitor
its performance. Annually, the thermometers are checked for
their accuracy by submerging them in three different
temperature baths. Thermometers found to deviate more than 1°¢

for a given range are used for noncritical work, or discarded.
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Repeating Pipets

Before delivering precise volumes, the pipets are checked for
their accuracy by weighing water dispensed by five fill-and-

dispense cycles, Based on the weight of the pure water, the

mean dispensed volume can be determined for the pipet.

Glassware

Before using any glassware, check for any damage such as stars,
cracks, .r scrat.-cs. Laboratory glassware must be rept
scrupulously clean to assure that there will be no
contamination of samples or sample extracts. Depending on the
eventual use of the glassware, several different cleaning
methods are incorporated.

a. Volatile Organic Analysis (VOA)

Glassware used in VOA analysis are soaked in a tub of a
cleaning solution containing no chlorines (Palmolive soap
works well), The glassware is then washed in a sink using
a fresh portion of the same detergent, then rinsed, first
with tap water and then with organic pure water. The
glassware is then transferred in to an oven and baked to

ensure all volatile compounds are removed.

Canonier i~ ==
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Repeating Pipets

Before delivering precise volumes, the pipets are checked for
their accuracy by weighing water dispensed by five fill-and-

dispense cycles, Based on the weight of the pure water, the

mean dispensed volume can be determined for the pipet.

Glassware

Before using any glassware, check for any damage such as stars,
cracks, or scratches. Laboratory glassware must be kept
scrupulously clean to assure that there will be no
contamination of samples or sample extracts. Depending on the
eventual use of the glassware, several different cleaning
methods are incorporated.

a. Volatile Organic Analysis (VOA)

Glassware used in VOA analysis are soaked in a tub of a
cleaning solution containing no chlorines (Palmolive soap
works well). The glassware is then washed in a sink using
a fresh portion of the same detergent, then rinsed, first
with tap water and then with organic pure water. The
glassware is then transferred in to an oven and baked to

ensure all volatile compounds are removed,
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B. Preparation of Parent Solutions

When making up the parent solutions, a log book is maintained

to record all the necessary info..a.ion., A code number (prefixed
with a "P") is assigned to the parent solution, the date it was
made, analyst, code numbers of the standard and reagent used, all
weights and volumes used are recorded on the Parent Solution
Preparation Log. (See Attachment VIII), A balance check is also
performed at the same time. A1l parent solution bottles are
labeled with the code number, exact contents, date made, solvent,
analyst, expiration date, and a mark on the side of the label to
indicate the solvent line, Each .:.me a significant aliquot is
removed, a new mark is placed on the label. This is done in order

to determine if evaporation has occurred.

Canonier " s
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B. Preparation of Parent Solutions

When making up the parent solutions, a log book is maintained

to record all the necessary inf..uation. A code number (prefixed
with a "P") is assigned to the parent solution, the date it was
made, analyst, code numbers of the standard and reagent used, all
weights and volumes used are recorded on the Parent Solution
Preparation Log. (See Attachment VIII). A balance check is also
performed at the same time. A1l parent solution bottles are
labeled with the code number, exact contents, date made, solvent,
analyst, expiration date, and a mark on the side of the label to
indicate the solvent iine, Each ‘ime a significant aliquot is
removed, a new mark is placed on the label. This is done in order

to determine if evaporation has occurred.
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General Storage

Proper storage of reference standards is an essential part of the

analytical process.,

When a contziner is removed from storage, it should be allowed to
come to room temperature before opening. The bottle cap should
remain off only long enough to withdraw the amount needed. After
use, the bottle should be returned to storage immediately.

1. Purified Undiluted Standards

Place purified standards in a container, preferably with

desiccant, and stored in an explosion proof refrigerator.

2. Concentrated "Stock" Solutions

a. Stored at approximately 4%,

b. Replace stable compounds such as organoch1or1nés and
triazines after six months or when degradation is
apparent,

c. Replace compounds that degrade only at ambient
temperatures after six months or when degradation is
apparent,

d. Monthly replacement for unstable compounds such as
butylate, CDED, and disulfoton.

e. Degradation studies are performed on 00T and Endrin in

accordance to CLP protocol.

- ham . .
Canonier - o=
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General Storage

Proper storage of reference standards is an essential part of the

analytical process.

When a container is removed from storage, it should be allowed *:
come to room temperature before opening. The bottle cap should
remain off only long enough to withdraw the amount needed. After
use, the bottle should be returned to storage immediately.

1. Purified Undiluted Standards

Place purified standards in a container, preferably with

desiccant, and stored in an explosion proof refrigerator.

2. Concentrated "Stock" Solutions

a. Stored at approximately 4°c.

b. Replace stable compounds such as organochlorines and
triazines after six months or when degradation is
apparent,

c. Replace compounds that degrade only at ambient
temperatures after six months or when degradation is
apparent.

d. Monthly replacement for unstable compounds such as
butylate, CDED, and disulfoton,

e, Dégradation studies are performed on DDT and Endrin in

accordance to CLP protocol.
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E. Solvent Monitoring

Solvents used for Organic analysis are checked for their purity by
concentrating 200 mis to 1 m' :~d injecting it onto the instrument,

Solvents showing interferences are not used for the analysis.

F. Deionized Water

Deionized water is produced on the premises. The resistivity is
checked and recorded each time water is produced. Every three
months the following tests are performed on the deionized water:
b conductivity, silica content, total solids, and total organic

carbon, The results from inese tests are kept in a log book,

Canonier: .~ —a
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E. Solvent Monitoring

Solvents used for Organic analysis are checked for their purity by
concentrating 200 mis to 1 ml and injecting it onto the instrument,
Solvents showing interferences are not used for the analysis.,

F. Deionized Water

Deionized water is produced on the premises. The resistivity is
checked and recorded each time water is produced. Every three
months the following tests are performed on the deionized water:
pH, conductivity, z‘'ica content, total solids, and total organic
carbon, The results from these tests are kept in a log book.
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STANDARD
PREPARATION

LOG

STOCK
CODE
No.

DATE
PREP.

WORKER
SIGNATURE

CODE No.
AND NAME
OF STANDARD

PURITY

FINAL WT.
TARE WT.
NET WT. (GRAMS)

ADJUSTED
NET WT.
(GRAMS)

SOLVENT
NAME AND
CODE No.

DILUTION
VOLUME

(ml)

FINAL
CONC.

(ml)

OBSERVER
SIGNATURE
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STOCK : DATE WORKER CODE No. PURITY FINAL WT. ADJUSTED | SOLVENT DILUTION| FINAL OBSERVER
CODE PREP. SIGNATURE AND NAME TARE WT. NET WT. | NAME AND VOLUME | CONC. SIGNATURE
No. OF STANDARD NET WT. (GRAMS) (GRAMS) CODE No. (mb) (ml)
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6.0 ANALYTICAL PROCEDURES

Canonie Environmental Services Corp., uses only analytical methods and
procedures that are approved by the USEPA, or other agency to which the
customer is responsible,

Most procedures utilized come directly from EPA/4-79-020 EPA "Methods for
Chemical Analysis of Water and Wastewater," EPA SW-846 "Test Methods for
Evaluating Solid Waste," and "Standard Methods for the Examination Water and

Wastewater, 16th edition, 1985."

The following tables list the more common methods utilized for water and

soils, along with the typical detection limits reported by Canonie:

Canonier i
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Table II
Purgeable Halocarbons

Detection Limits

Analvtes , Water (mg/1) Soil (mg/kg)
Bromodichloromethane 0.0005 0.02
Bromoform 0.0005 0.02
Bromomethane 0.0005 0.02
Carbon tetrachloride 0.0005 0.02
" Chlorobenzene 0.0005 0.02
Chloroethane 0.0005 0.02
2-Chloroethylvinyl ether 0.0005 0.02
Chloroform 0.0005 0.02
Chloromethane 0.0005 0.02
Dibromochloromethane 0.0005 0.02
1,2-Dichlorobenzene 0.0005 0.02
1,3-Dichlorobenzene 0.0005 0.02
1,4-Dichlorobenzene 0.0005 0.02
Dichlorodifluoromethane 0.0005 0.02
1, 1-Dichlorocethane 0.0005 0.02
1,2-Dichloroethane 0.0005 0.02
1,1-Dichloroethene 0.0005 0.02
trans-1,2-Dichloroethene 0.0005 0.02
1,2-Dichloropropane 0.0005 0.02
cis-1,3-Dichloropropene 0.0005 0.02
trans-1,3-Dichloropropene 0.0005 0.02
1,1,2,2-Tetrachlorcethane 0.0005 0.02
Tetrachloroethene 0.0005 0.02
1,1,1-Trichloroethane 0.0005 0.02
1.1,2-Trichloroethane 0.0005 0.02
Trichloroethene 0.0005 0.02
Trichlorofluoromethane 0.0005 0.02
Vinyl chloride 0.0005 0.02
Methylene chloride 0.0005 0.02

- ™ . N
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Table I
Purgeable Halocarbons
Other analytes available upon request
Freon
cis-1,2-Dichloroethene
3]}
Water
Analysis: Method 601
Sampiing container: Specially prepared 40 ml volatiles vials, taken in
triplicate,

Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater, PBBJ-Z01/98, Method b0T, U. S. Environmental Protection Agency,
Cincinnati, Ohio, July 1982.

Soil

Analysis: Method 8010
Sampiing Container: Air tight completely full brass tube, or 40 ml vial

Reference: Test Method for Evaluating Solid Waste, Physical/Chemical
Methods.
SW-846, Method 8010, U, S. Environmental Protection Agency, 1982,

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Acceptable holding time to analysis: 14 days.
Method of analysis: Gas Chromatography.

Canonie-
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Table II
Purgeable Aromatics

Detection Limits

Analytes Water (mg/1) Soil (mg/kg)
Benzene 0.005 0.2
Chlorobenzene 0.005 0.2
1,2-Dichlorobenzene 0.005 0.2
1,3-Dichlorobenzene 0.005 0.2
1,4-Dichlorobenzene 0.005 0.2
Ethylbenzene 0.005 0.2
Toluene 0.005 0.2
Xylene 0.005 0.2
Other analytes available upon request

Acetone

[sopropyl Alcohol -~

Other Volatile Hydrocarbons (PID detector)
Other Volatile Hydrocarbons (FID detector)

Water

Analysis: Method 602

Sampiing container: Specially prepared acidified 40 ml volatiles vials,
taken in triplicate,

Reference: Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater, PBB3-Z0T/98, Method 60Z and 6<%, U. 5. tnvironmental Protection
Agency, Cincinnati, OH, July 1982,

Soil

Knalysis: Method 8020
Sampiing container: Air tight completely full brass tube, or 40 ml vial

Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical
Metnods, SW-846, Method 8020, U. 5. Environmental Protection Agency, 1982,

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Acceptable holding time to analysis: 14 days.
Method of analysis: Gas Chromatography

Cancnier -~ - -



Table II

Phenols

Analytes

4-Chloro-3-methylphenol
2-Chlorophenol
2,4-Dichlorophenol
2,4-Dimethylphencl
2,4-Dinitrophenol
2-Methyl-4,6-dinitrophenol
2-Nitrophenol
4-Nitrophenol
Pentachlorophenol
Phenol
2,4,6-Trichlorophenol

Other analytes available upon request
Tetrachlorophenoi

Water

Analzsis: Method 604
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Detection Limits
Water (mg/1) Soil (mq/kg)

0.001
0.008
0.008
0.008
0.005
0.003
0.005
0.005
0.005
0.008
0.001

10.
10.
10.
10,
10.
10.
10.
10.
10.
10.
10,

Sampling container: Specially prepared one liter bottle, taken in

triplicate.

References: Methods for Organic Chemical Analysis of Municipal and

Industrial Wastewater, PBB3-201/9B, Method 604, U. S. Environmental

Protection Agency, Cincinnati, OH, July 1982,

Varian Liquid Chromatography Procedure #96, Determination of Trace Levels of
Phenois in Water, Varian Instruments, Walnut Creek, California,

Soil

BAnalysis: Method 8040
Sampiing container: Specially prepared mason jar or brass tube (200 g,

required).

References: Test Methods for Evaluating Solid Waste, Physical/Chemical

Methods, SW-82b, Method 804U, U. S. Environmental Protection Agency, 1982,
Varian Liquid Chromatography Procedure #96, Determination of Trace lLevels of
Phenols 1n Water, Yarian [nstruments, Walnut Creek, California.

Canomnier: - r=r=
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Table 11
Phenols

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days ana completely analyzed within 30 days of
collection,

Method of analysis: Liquid and Gas Chromatography.

Canonier =



Analyte

Aldrin
Alpha~BHC
Beta-BHC
Delta-BHC
Gamma-BHC
Chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT
Dieldrin

Endosulfan I
Endosulfan 11
Endosulfan sulfate

Endrin

Endrin aldehyde

Heptachlor

Heptachlor epoxide

Toxaphene
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

Table 11

Organochlorine Pesticides

Otaer analytes available upon reguest

DECP

Methoxychlor
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Detection Limits
Water (ug/1) Soil (mg/kg)

0.05
0.05
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Table 11
Organochlorine Pesticides

Water

Analysis: Method 608

Samp]ing container: Snecially prepar=d one liter sample bottles, taken in
triplicate.

Reference: Method for Organic Chemical Analysis of Municipal and Industrial

Wastewater, PB B3-20T79b, Method 608, U. 5. Environmental Protection Agency,
Cincinnati, OH, July 1982.

Soil

Analysis: Method 8080

Sampling container: Specially prepared mason jar or brass tube (200 g soil
required).

Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods,

SW-846, Method 8080, U. S. Environmental Protection Agency, 1982.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection,

Method of analysis: Gas Chromatography.

Canonier— -
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Table 11
PCB's (Polychlorinated Biphenyls)

Detection Lirits

Analytes Water (ug/1) Soil (mg/kq)
PCB-1016 0.5 0.05

PCB-1221 0.5 €.05

PCB-1232 0.5 0.05

PCB-1242 0.5 0.05

PCB-1248 0.5 0.05

PCB-1254 0.5 0.05

PCB-1260 0.5 0.05

Hater

Rnalysis: Method 608.3

Sampling container: Specially prepared one liter sample bottles, taken in
triplicate,

Reference: Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater, PBB3-207179b, Method 608, U. 5. tnvironmental Protection Agency,
Cincinnatiy, OH, 1987,

Soil

Enalysis: Method 8080.3

Sampling container: Specially prepared mason jar or brass tube (200 g soil
required).

Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, SW-B3&, Method 8080, U. S. Environmental Protection Agency, 1982,

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection,

Method of analysis: Gas Chromatography,

Canonlef_fff DRI BN
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Table 11
PCB'S 1in 011

Detection Limits

Analytes 0i1 (mg/kqg)

PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

ooy

0il

Analysis: Method PCB 0Oil

Sampiing container: Two 20-40 ml V.als, teflon or foil lined cap (provide at-
least 15 m1 volume). .

Reference: EPA Test Method for the Determination of Polychlorinated Biphenyls

in Transformer Fluid and Waste Dils, EPA-B0U/4-81-045, U. S. Environmental
Protection Agency, Cincinnati, OH, September 1982,

Shipping requirements: Securely packed in a leak proof container with chain-
of- custody.

Acceptable holding time to analysis: 28 days.
Method of analysis: Gas Chromatography.

Canonier =
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Table II
Polynuclear Aromatic Hydrocarbons

Detection Limits
Analytes Water (mg/1) Soil (mg/kg)

Acenaphthene
Acenaphthylene
Anthracene

Benzo (a) anthracene
Benzo (a) pyrene

Benzo (b) fluoranthene
Benzo (g,h,i) perylene
Benzo (k) fluoranthene
Chrysene

Dibenzo (a,h) anthracene
Fluoranthene

Fluorene

Indeno (1,2,3-cd) pyrene
Naphthalene

Phenanthrene

Pyrene

—d ed d ad D S ard D D od D e ) D D mnd
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Water

Analysis: Method 610

Sampiing container: Specially prepared one liter sample bottles, taken in
triplicate.

Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater, PB B3-20T/98, Method 610, U, S. Environmental Protection Agency,
Cincinnaty, UH, July 1982.

Soil

Analysis: Method 8100

Sampiing container: Specially prepared mason jar or brass tube (200 g soil
required).

Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods,

SW-846, Method 8100, U. S. Environmental Protection Agency, 1982.

Canonie-. -~ - -
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Table I1
Polynuclear Aromatic Hydrocarbons

Shipping requirements: Packed in an iced cooler, with chain-of-custody.

Samples are extracted within 7 days and completely analyzed within 30 days of
collection,

Method of analysis: Gas and Liquid Chromatography,

Canonie- -
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Table 11
Chlorinated Hydrocarbons

Detection Limits

Analytes Water (mg/1) Soil (mg/kg)
2-Chloronaphthalene 0.001 0.1
1,2-Dichlorobenzene 0.0015 0.15
1,3-Dichlorobenzene 0.0015 0.15
1,4-Dichlorobenzene 0.0015 0.15
Hexachlorobenzene 0.0005 0.1
Hexachloroethane 0.0005 0.1
1,2,4-Trichlorobenzene 0.0005 0.1
Hexachlorocyclopentadiene 0.001 0.1
Hexachlorobutadiene 0.001 0.1
Water

Rnalysis: Method 612

Sampiing container: Specially prepared one liter sample bottles, taken in
triplicate,

Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater, PB B3-Z201798, Method 612, U. 5. tnvironmental Protection Agency,
Cincinnati, OH, July 1982,

Soil

Analysis: Method 8120

Sampiing container: Specially prepared mason jar or brass tube (200 g soil
required).

Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods,

SW-846, Method 8120, U. S. tnvironmental Protection Agency, 1982,

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection,

Method of analysis: Gas Chromatography.

Canonie- -~ - -
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Table 11
Chlorinated Herbicides

Detection Limits
Analytes Water (mg/1) Soil (mg/kg)

4-D 0.02 0.02
+4,5-TP 0.02 0.02

Other analytes available upon request
2,8,5-1
Dinoseb

Water

Analysis: Method 615

§ampiing container: Specially prepared one liter sample bottles (amber),
taken in triplicate.

Reference: Determi.ation oi Chlorinatad Herbicides in Industrial and
Municipal Wastewater, tPA-600/4-82-005, Method 615, EMSL, U. S. Environmental
Protection Agency, Cincinnati, OH, July 1982,

Varian Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-D
and Silvex in Waste Water, Varian Instruments, Walnut Creek, California.

Soil

Analysis: Method 8150

Sampiing container: Specially prepared mason jar or brass tube (200 g soil
required).

Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods,

SW-846, Method 8150, U. S. Environmental Protection Agency, 1982,
Varian Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-D
and SilTvex in Waste Water, Varian Instruments, Walnut Creek, California.

Stipping requirements: Packed in an iced cooler, with chain-of-custody.

Samples are extracted within 7 days and completely analyzed within 30 days of
collection.

Method of analysis: Gas and Liquid Chromatography.
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Table I1
Organophosphorus Pesticide

Detection Limits

Analytes Water (ug/1) Soil (mg/kg)
DEF 1. 1.
Delnav 1. 1.
Diazinon 1. 1.
Dimethoate 1. 1.
Disulfoton 1. 1.
Ethion 1. 1.
Ethyl parathion 1. 1.
Malathion 1. 1.
Methyl parathion 1. 1.
Methyl trithion 1. 1.
Phorate 1. 1.
Water

Analysis: Method 622

Sampiing container: Specially prepared one liter sample bottles, taken in
triplicate.

Reference: Determination of Organophosphorus Pesticides in Industrial and
Municipal Wastewater, tPA-600/4-8Z2-008, Method 677, EMSL, U. S. Environmental
Protection Agency, Cincinnati, OH, July 1982,

Soil

Analysis: Method 8140

Sampiing container: Specially prepared mason jar or brass tube (200 g soil
required).

Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods,

SW-846, Method BT40, U. S, Environmental Protection Agency, 1982.
Shipping requirements: Packed in an iced cooler, with chain~of-custody.

Samples are extracted within 7 days and completely analyzed within 14 days of
collection,
Method of analysis: Gas Chromatography.

Canomie--
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Table II
Volatile Organics (GC/MS)

Detection Limits

Analytes Water (mg/1)(1) Soil (mg/kq)(2)
Benzene 0.005 0.125
Bromodichloromethane 0.005 €.125
Bromoform 0.005 0.125
Bromomethane 0.010 C.250
Carbon tetrachloride 0.005 €.125
Chlorobenzene 0.005 0.125
Chloroethane 0.010 0.250
2-Chloroethylvinyl ether 0.010 0.250
Chloroform 0.005 0.125
Chloromethane 0.010 0.250
Dibromochloromethane 0.005 0.125
1,2-Dichlorobenzene 0.00% 0.125
1, 3-Dichlorobenzene 0.005 0.125
1,4-Dichlorobenzene 0.005 0.125
Dichlorodifluoromethane 0.005 0.125
1,1-Dichloroethane 0.005 0.125
1,2-Dichloroethane 0.005 0.125%
1,1-Dichloroethene 0.005 0.125
trans-1,2-Dichloroethene 0. 005 0.125
1,2-dichloropropane 0.005 0.125
cis-1,3-Dichloropropene 0.005 0.125
trans-1,3-Dichloropropene 0.005 0.125
Ethylbenzene 0.005 0.125
Methylene chloride 0.005 0.125
1,1,2,2-Tetrachloroethane 0.005 0.125
Tetrachloroethene 0.005 0.125
Toluene 0.005 0.125
1.1, 1-Trichloroethane 0.005 0.125
1,1, 2-trichloroethane 0.005 0.125
Trichloroethene 0.005 0.125
Trichlorofluoromethane 0.005 0.125
Vinyl chloride 0.010 0.250

Canonie- -
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Table I!
Volatile Organics (GC/MS)

Other analytes available upon request

Secondary Quantitation List (optional 2% extra charge), analytes and detection
limits subject to change.
Detection Limits

Analytes Water (mg/1) (1) Soil (mg.kg)(2)
Freon 113 0.005 0.125
Acetone 0.005 0.125
Isopropyl Alcohol 0.005 0.125
Ethylene Dibromide (EDB) 0.005 0.125
Water

Analysis: Method 624

Sampling container:  Speciaily prepared 40 ml volatile vial, taken in
triplicate.

Reference: Methods for Organic Chemical Analysis of Municipal and
Industrial Wastewater, PBB3-2071798, Method 624, U.S. Environmental
Protection Agency, Cincinnati, OH, July 1982

Soil

Knalysis: Method 8240

Sampling container: Air tight completely full brass tube,

Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, SW-846, Mehtod 8240, U.S. Environmental Protection Agency, 1982.

Shipping requirements: Packed in an iced cooler with chain-of-custody.
Acceptable holding time to analysis: 14 days.
Method of analysis: Gas Chromatography/Mass Spec.

(1) Specific detection limits are highly matrix dependent. The detection
limits listed herein are provided for guidance and may not always be

achievable, Lower detection levels are possible with additional work at an
increased price.

(2) Detection limits listed for soil/sediment are based on wet weight,

Canonie-: - .
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Semivolatile Qrganics (GC/MS)
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Detection Limits
Water (mg/1)(1) Soil (mg/kg)(2)

Analytes

Acenaphthene 0.010
Acenaphthylene 0.010
Aldrin 0.010
Anthracene 0.010
Benzo(a)anthracene 0.010
Benzo(b)fluoranthene 0.010
Benzo(k)fluoranthene 0.010
Benzo(ghi)perylene 0.010
Benzo(a)pyrene 0.010
Benzidine 0.040
Butyl benzyl phthalate 0.010
alpha-BHC 0.010
beta-BHC 0.010
delta-BH 0.010
gamma-BHC 0.010
Bis (2-chloroethoxy)methane 0.010
Bis (2-chloroethyl) ether 0.010
Bis (2-chloroisopropyl)ether 0.010
Bis (2-ethylhexyl)phthalate 0.010
4-Bromophenyl phenyl ether 0.010
Chlordane 0.100
4-Chloro-3-methylphenol 0.010
2-Choronaphthalene 0.010
2-Chlorophenol 0.010
4-Chlorophenyl phenyl ether 0.010
Chrysene 0.010
4,4'-DDD 0.010
4,4'-D0E 0.010
4,4'-DDT 0.010
Dibenzo(a,h)anthracene 0.010
Dibutyl phthalate 0.010
1.2-Dichlorobenzene 0.010
1,3-Dichlorobenzene 0.010

0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
1.32

0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
3.30

0,330
0.330
0,330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330



Table 11

Semivolatile Organics (GC/MS)

Analytes

1,4-Dichlorobenzene
3,3'-dichlorobenzidine
2,4-Dichlorophenol
Dieldrin
Diethylphthalate
2,4-Dimethylphenol
Dimethylphthalate
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-octylphthalate
Endosulfan |
Endosulfan 11
Endosulfan sulfate
Endrin

Endrin aldehyde
Fluoranthene

Fluorene

Heptachlor

Heptachlor epoxide
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
2-Methy1-4,6-dinitrophenocl
Naphthalene
Nitrobenzene
4-Nitrophenol
2-Nitrophenol
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
N-Nitrosidiphenylamine
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Detection Limits

Water (mg/1)(1)

Soil (mg/kg)(2)

0.010
0.20

0.010
0.010
0.010
0.010
0.010
0.050
0.010
0.010
0.010
0.010
0.010
0.020
0.010
0.020
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.05%0
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.330
6.60

0.330
0.330
0.330
0,330
0.330
1.65

0.330
0.330
0.330
0.330
0.330
0.660
0.330
0.660
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
1,65

0.330
0.330
0.330
0.330
0.330
0.330
0.330

Canomnie- -~ . —
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Table II
Semivolatile Organics (GC/MS)

Detection Limits

Analytes Water (mg/1)(1) Soi) (mg/kq)(2)
PCB-1016 0.050 1.65
PCB-1221 0.050 1.65
PCB-1232 0.050 1.65
PCB-1242 0.050 1.65
PCB-1248 0. 050 1.65
PCB-1254 0.050 1.65
PCB-1260 0.050 1.65
Pentachlorophenol 0.050 1.65
Phenanthrene 0.010 0.330
Phenol 0.010 0.330
Pyrene 0.010 0.330
Toxaphene 0.5 16.5
1.2,4-Trichlorobenzene 0.010 0.330
2,4,6-Trichlorophenol 0.010 0.330
Water

Enalysis: Method 625
Sampiing container: Specially prepared one liter bottle taken in

triplicate.

Reference: Methods for Organic Chemical Analysis of Municipal and
Industrial Wastewater, PBB83-201/96, Method 625, U.S. Environmental
Protection Agency, Cincinnati, OH, July 1982

Soil

Analysis: Method 8270
Sampiing container: Specially prepared mason jar, 200 g soil required.

Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, SW-846, Method 8270, U.S. Environmental Protection Agency, 1982.

Shipping requirements: Packed in an iced cooler with chain-of-custody.
Samples are extracted within 7 days and completely analyzed with in 30 days of
collection.

Method of analysis: GC/MS

Canonie- .
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Teble II
Semivolatile Organics (GC/MS)

(1) Specific detection limits are highly matrix dependent. The detection
limits listed herein are provided for guidance and may not always be achievable.
Lower detection levels are possible with additional work at an

increased price,

(2) Detection limits listed for soil/sediment are based on wet weight,
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Table Il
Carbamates
Detection Limits

Analytes Water (mg/1) Soil (mg/kq)
Aldicarb 0.05 1.
Carbaryl 0.05 1.
Carbofuran 0.05 1.
Diuron 0.05 1.
Linuron 0.05 1.
Methomy] 0.05 1.
Oxamy1 0.05 1.

Water

Enalysis: Method 632

Sampfing container: Specially prepared one liter sample bottles, taken in
triplicate,

Reference: Method of Organic Chemical Analysis of Municipal and Industrial

Wastewater, PEB3-201798, WMethod 632, U. 5. Environmental Protection Agency,
Cincinnatiy, UH, July 1982,

Soil

Knalysis: Method 632Mod

Sampiing container: Specially prepared mason jar or brass tube (200 ¢ soil
required).

Reference: Modified Method 632 Test Method for Evaluating Solid Waste,
Physical/Chemical Methods, adapted for soil.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection,

Method of analysis: Liquid Chromatography.

Canoniel— - r=rma
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Table 11
Fumingants

Detection Limits

Analytes Water (mg/1) Soil (mg/kg)
DBCP (Dibromochloropropane) 0.01 1.0

EDB (Ethylene Dibromide) 0.1 1.0

Water

Analysis: Method 2000

Sampiing container: Specially prepared one liter sample bottles, taken in
triplicate, for EDB only, use 40 ml vial (purge & trap technique).
Reference: Analysis of 1,2-dibrom ~3- chloropropane in Water, California
Department of Health Services Methods, p. Z1D.

Reference: tethod for Oryunic Chemica” Analysis of Municipal and Industrial
Wastewater, PB83-201/98, Method 601, U, 5. Environmental Protection Agency,
Cincinnati, OUhio, July 1982 (EDB only).

Soil: Method 2010

Sampling container: Air tight completely full brass tube.

Reference: Analysis of 1,2-dibrom =3- chloropropane in Water, California
Departmert of Health Services Methods, p. Z1b.

Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods,

SW-846, Method BOTO, U. S. Environmental Protection Agency, 1982 (EDB only).

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection, EDB only using purge & trap technique, 14 days to analysis.
Method of analysis: Gas Chromatography.

. - — .
anonier s
[ — «
B U N e



Section No, 6.0
Revision No. 5
Date 9/15/87
Page 52

Table 11
Benzene, Toluene, Xylene
(Gasoline components)

Detection Limits

Analytes Water (mg/1) Soil (mg/kg)
Benzene 0.005 0.2
Xylene 0.005 0.2
Toluene 0,005 0.2
Other Hydrocarbons 0.005 0.2
Other analytes available upon request

t0B

Water

nalysis: Method 2500 '
Sampiing container: Specially prepared acidified 40 ml volatiles vials, taken
in triplicatc.
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater, PBB3-ZUT/38, Method 007, U. 5. knvironmental Protection Agency,
Cincinnati, OH, July 1982,

Soil

ERnalysis: Method 2510 ‘
Sampiing container: Air tight completely full brass tube, or 40 ml vial
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,

SW-846, Method 8020, U. 5. tnvironmental Frotection Agency, T98Z,

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Acceptable holding time to analysis: 14 days.

Method of analysis: Gas Chromatography with FID detector,
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Table 11
Total Extractable Hydrocarbons
(Diesel/Fuel 0i1 Components)

Detection Limits

Analytes Water (mg/1) Soil (mg/kg)
Total Extractable Hydrocarbons 1. 10.
Water

Knalysis: Method 2515

Sampiing container: Specially prepared one liter sample bottles, taken in
triplicate.

Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater, PB 83-2071798, Method 607 modified, U. S. Environmental Protection
Agency, Cincinnati, OH, July 1982,

Soil

Analysis: Method 2520
Sampiing container: Air tight completely full brass tube or 40 ml vial
Reference: Analytical Procedures for the Detection and Quantitation of Total

Petroleum Fuel Hydrocarbons and Fuel Lonstituents Talitfornia Kegional Waler
QuaTity Control Board, TT1/8/71385,

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection,

Method of analysis: Solvent extraction, Gas Chromatography with FID detector.
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Table II
EP Toxicity Pesticides
Analytes Maximum Contaminant Level Detection Limit
(mg/ 1 Teachate)

Endrin 0.02 A1l detection limit
Lindane 0.4 are one-tenth or
Methoxychlor 10.0 less of the
Toxaphene 0.5 maximum contaminant
2,4-D 10.0 level

2,4,5-TP 1.0

Analysis: Method EPTP

Samp‘es are extracted with acetic acid and the leachate is examined for the
pesticides listed.

Sampling container: Speciall ~lecaned mason jars for solids and sludges sample
size 400 g, and liter containers for liquids.

Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,
SW-846, EP Toxicity, U. S. Environmental Protection Agency, 1982,

Varian Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-0
and SiTvex in Waste Water, Varian Instruments, Walnut Creek, California
Shipping requirements: Packed in an iced cooler, with chain-of-custody.

Samples are extracted within 7 days and completely analyzed within 30 days
collection,

Method of analysis: Gas and Liquid Chromatography.

_ T . e
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Table II
Title 22 Pesticides/Herbicides

Detection Limit

Analytes Water (mg/1)
Endrin 0.00005
Lindane 0. 00005
Methoxychlor 0.001
Toxaphene 0.005
2,4-D 0.01
2,4,5-TP (Silvex) 0.001
Water

Analysis: Method T22P

Sampiing container: Specially prepared one liter bottles taken in triplicate.
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater, PB 83-201790, Method 608, U. 5. tnvironmental Protection Agency,
Tincinnati, OH, July 1982, Determination of Chlorinated Herbicides in
Industrial and Municipal Wastewater, tPA-600/4-82-005, Method 615, EMSL, U. S.
tnvironmental Protection Agency, Cincinnati, OH, July 1982.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection.

Method of analysis: Gas Chromatography.
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Table II
Priority Polluytant Metals
Metals
Detection Limits
Analytes Water (mg/1) Soil (mg/kg)
Antimony 0.02 5.
Arsenic 0.01 5.
Beryllium 0.005 0.75
Cadmium 0.005 1.
Chromium 0.005 5.
Copper 0.05 5.
Lead 0.005 5.
Mercury 0.001 0.2
Nickel 0.05 5.
Selenium 0.005 1.
Silver 0.01 5.
Thallium 0.01 5.
linc 0.0 5.

Samples are digested and analyzed for the 13 metals, according to EPA criteria,
Federal Register, December 3, 1979,

Sampling container: Special acid-washed mason jars for solids and sludges
sample size 400 g, and special acid-washed liter containers for liquids.
Reference: California Assessment Manual, January 1984, Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Individual Metals
AnaTysis, U. S. Environmental Protection Agency, 1982,

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Method of analysis: Atomic Absorption Spectrophotometry,
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California Assessment Manual Metals

Regulatory Limits

Detection Limits

Analytes TTLC (mg/kg) STLC (mg/1)  TTLC (mg/kg) STLC
§m§Zi§

Arsenic 500 5 5. 0.1
Antimony 500 15 5. 0.1
Barium 10,000 100 8. 0.1
Beryllium 75 0.75 0.75 0.1
Cadmium 100 1 1, 0.1
Chromium I11/VI* 2,500/500 560/5 5/5 0.1/0.1
Cobalt 8,000 80 5. 0.1
Copper 2,500 25 5. 0.1
Lead 1,000 5 5. 0.1
Mercury 20 0.2 0.2 0.1
Molybdenum 3,500 350 5. 0.1
Nickel 2,00u 20 5. 0.1
Selenium 100 1 1. 0.1
Silver 500 5 5. 0.1
Thallium 700 7 5. 0.1
Vanadium 2,400 24 5, 0.1
Zinc 5,000 250 5. 0.1

Samples are either acid digested for total metal content (to be compared to TTLC
requlatory values) or extracted with citrate buffer (to be compared to STLC
requlatory values).

*Chromium values are reported as total chromium, the sum of the III and VI
species.

Sampling container: Special acid-washed mason jars for solids and sludges (400
g sample size), and special acid-washed liter containers for liquids.
Reference: California Assessment Manual, January 1584, Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods, SW-848, Individual Metals
Analysis as per, U. S. Environmental Protection Agency, Methods listed on pp.
28, 30.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.

Method of analysis: Atomic Absorption Spectrophotometry.
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Table II
EP Toxicity Metals
Analytes Maximum Contaminant Level Detection Limit
(mg/ T Teachate)
Arsenic 5.0 0.1
Barium 100.0 0.1
Cadmium 1.0 0.1
Chromium (total) 5.0 0.1
Mercury 0.2 0.1
Lead 5.0 0.1
Selenium 1.0 0.1
Silver 5.0 0.1

Samples are extracteu with acecic acid, and the leachate is examined for the
eight metals listed.

Sampling container: Specially cleaned mason jars for solids and sludges, and
liter containers for liquids,

Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,

SW-846, EP Toxicity, U. S. tnvironmental Protection Agency, 1982.
Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Method of analysis: Atomic Absorption Spectrophotometry,
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Table II
EPA Methods
Atomic Absorption Analysis
Metals in Water
Graphite Hydride Cold
Element Flame Furnace Generation Vapor ICP
Aluminum EPA 202.1 EPA 202.2 EPA 200,7
Antimony EPA 204.1 EPA 204.2 EPA 200,7
Arsenic EPA 206.2 EPA 206,3
Barium EPA 208.1 EPA 208.2 EPA 200,7
Beryllium EPA 210,1 EPA 210.2 EPA 200.7
Cadmium EPA 213.1 EPA 213.2 EPA 200,7
Calcium EPA 215.1 EPA 200.7
Chromium (Total) EPA 218.1 EPA 218.2 EPA 200,7
Cobalt EPA 219,1  EPA 219.2 EPA 200.7
Copper EPA 220.1 EPA 220.2 EPA 200.7
Iron EPA 236.1 EPA 236.2 EPA 200.7
Lead EPA 239,1 EPA 239.2 EPA 200.7
Magnesium EPA 242.1 EPA 200.7
Manganese EPA 243.1 EPA 243.2 EPA 200,7
Mercury EPA 245.1
Molybdenum EPA 246.1 EPA 246.2 EPA 200.7
Nickel EPA 249.1 EPA 249.2 EPA 200.7
Potassium EPA 258.1 EPA 200,7
Selenium EPA 270.2 EPA 270.3
Silver EPA 272.1 EPA 272.2 EPA 200,7
Sodium EPA 273.1 EPA 200.7
Strontium* 303A EPA 200.7
Thallium EPA 279.1 EPA 279.2 EPA 200.7
Vanadium EPA 286.1 EPA 286.2 EPA 200,7
linc EPA 289.1 EPA 289.2 EPA 200.7

Reference: Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020,
EMSL, U. S. Environmental Protection Agency, 1979,

* Reference: Standard Methods for the Examination of Water and Wastewater, 16th
Edition, 1985,
Method of Analysis: Atomic Absorption Spectrophotometry.
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Element

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium (Total)
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc

Table I1I
Minimum Detection Limits
Atomic Absorption Analysis
Metals in Water
mg/1
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Cold
Vapor

0.001
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Element

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium (Total)
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc

EPA Methods

Table 11
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Atomic Absorption Analysis
Metals in Soil

Flame

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

EPA
EPA
EPA
EPA
EPA

EPA
EPA

7040
7080
7090
7130
7190
1210
7380
7420

7460
7520
1760
71770
7840

7910
7950

Gr
Fu

aphite

rnace

EPA
EPA
EPA
EPA
EPA

EPA
EPA
EPA
EPA

EPA

EPA

EPA
EPA

EPA
F.PA
EPA

7041
7060
7081
7091
nin

119
2N
7381
1421

7461

1521

1740
7761

7841
7911
7951

Page 61
Hydride Cold
Generation Vapor
EPA 7061
EPA 7471
EPA 7741

Reference: California Assessment Manual, January 1984, Test Methods for

Evaluating Solid Waste, Physical/Chemical Fethods, SW-8Zb.

Method of analysis: Atomic Absorption Spectrophotometry.
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Element

Alurninum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium (Total)
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Strontium
Thallium
Vanadium
Linc

Flame

50.
20,

20.

Section No. 6.0
Revision No. 5
Date 9/15/87
Page 62

Table II
Minimum Detection Limits
Atomic Absorption Analysis
Metals in Soil
mg/ kg

Graphite Hydride Colc
Furnace Generation Vapcr
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7.0 DATA REVIEW AND REPORTING

A1l of the data generated by Canonie Environmental Services Corp. are reviewed
by at least two chemists from each of the various areas. If a second chemist

is unavailable to review the work, them the quality assurance officer will do

the second review. The quality assurance officer randomly reviews work from

each section to verify the documentation and reported results,

The following areas are checked when reviewing the work:
1. That the calculations, identification, and reported units are

correct,

2. That all the results obtained for the samples were within the
working calibration range or were diluted into the working

calibration range.
3. The QC results meet acceptance criteria,

If the data and QC results are unacceptable, then the cause for the results
being unacceptable must be determined before the analysis can continue and
results can be released. [n the event that the QC results fall outside of the
control limits, a QA/QC comment sheet (see Attachment X) is issued, on which
the section head, analyst, and the QA Officer make appropriate comments and

sign.

If the data and the QC results are acceptable, the chemist initials the
tracking sheets, bench sheets, and/or other generated data, and gives the

entire data package to a second chemist for review and approval,

Canonier e
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Once all of the various areas of analysis are completed, the entire report is
reviewed by the Laboratory Supervisor to insure that all information, data,
and resulting conclusions for a particular project are properly documented,
statistically valid, and meet the requirements of the client.

After approving the entire project, a typed report {s generated, proofread by
an administrator, signed by each analyst and each chemist who reviewed the
work, and then sent to the customer and, {f necessary, any County, State, or
Federal agencies,

The original report then goes to the Accounting Department for posting, and
eventually filed by customer,
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8.0 QUALITY CONTROL

The quality control program is the most essential element to determining the

perforrance of the analytical measurements.

The quality control program involves the analysis of a blank, duplicate, and

spiked sample with every set of ten samples or with each matrix type,

1. Analysis of Blank

There are several different types of blanks that can be

prepared and analyzed; reagent blank, travel blank, or field
blank.

a. A reagent blank is prepared using deionized water, purified
soil, solvents, acids, or other reagents used in the
preparation and analysis of the samples. A1l analyses are
run using a reagent blank in order to verify that any
positive results are not due to contamination from the
laboratory. Blanks showing contamination above minimal

detectable levels indicates process contamination that must
be corrected.
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A travel blank is prepared by Canonie Environmental
Services Corp. and transported to the field, along with the
sample containers, The travel blank undergoes all of the
same handling as 2 .c.,.le, e.g., placed in the same cooler
at the time of sampling, thus showing if any contamination
was picked up ouring transportation., Travel blanks will be
used to assess the environment 1in which the bottles and
samples underwent during transportation. The resuylts from
the travel blank are used to assess contamination
encountered during transportation, Should contamination
occur, corrective measures must be taken (i.e., monitoring,
resampiing).

A field blank is prepared at the sampling site and returned
blind to the laboratory with the sample. The field blank
is exposed to the same environmental factors as the samples
and is a good test to see if contamination is picked up at
the time of sampling. Field blanks are used to monitor

sampling techniques and are usually analyzed as a blind QC
sample.
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Analysis of Duplicates

The preferred method of duplication at Canonie Environmental
Services Corp. is the analysis of a duplicate spike sample, A
sample is chosen randorly, divided into equal aliquots, spiked
with a known amount of the analyte and prepared for analysis.
Duplicate samples are aralyzed to determine the precision of
the preparation and analytical techniques. Daily the relative
percent difference (RPD) between the spike and duplicate spike
are plotted (See attachment XI). Relative percent difference
is calculated as:
Ar-unt in Spike 1 - Amount in Spike 2
RPD = : x 100
Spike 1 + Spike 2

Analysis of Spiked Samples

In order to assure the accuracy of the analytical procedure, a
sample is randomly chosen and spiked with a known amount of the
analyte to be tested. The increased value for a spiked sample
resulting from the addition of the analyte at a known
concentration compared to the value obtained for that same

analyte in the unspiked sample determines the percent recovery.
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Daily, control charts are plotted and kept by instrument
specific, matrix specific, and analyte specific (see Attachment
X11). The percent recovery for a spike sample is calculated as
follows:

Amt. Found in Spiked Sample - Amt. Found in Sample

% Rec.= - —_— —= X100

Known Amount Added

Measurement of Method Detection Limits

Periodically, Canonie Environmental Services Corp. reevaluates
its method detection limits (MDL) for each matrix type and for
each method.

To determine the MDL, the methods prescribed by the EPA are
employed. The MDL is defined as the minimum concentration of a
substance that can be identified, measured, and reported with
997 confidence.

a. Procedure

1. If the MDL is determined in water, a laboratory
standard at a concentration 1 - 5 times that of the
estimated MDL is analyzed.
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For other matricies: a standard 5 - 10 times that of
the estimated MDL is analyzed.

The standard is analyzed seven times,
The ML is calculated by finding the standard deviation

of the results for all seven analyses and multipling
the standard deviation by a factor of 3,143,
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9.0 ESTABLISHMENT QF ACCEPTABLE LIMITS
Construction of a Control Chart or X Chart

A control chart is constructed on data produced in the laboratory for a

specific analysis and insirument, It is a method of showing the precision of
an analysis, based on common, simple statistical methods.

When a quality control sample of known concentration is analyzed a number of
times, a series of analytical results are received which should bracket the
known concentration in a Gaussian or normal distribution. The average (X) is

the sum of the results divided by the number of results.,

The standard deviation (g~ ) is an indication of the spread of the results
from the mean, or the precision of the analysis. This is defined as the
square root of the sum of the differences between the average and each result,

squared, divided by one less than the number of analysis.,

<« = l T_(x—;)z
n-1

The proportion of results lying within any given range is related to the
standard deviation. That is, 68% of the observations lie within X + e, 952
between X + 207 and 99% between X + 3o for large numbers of samples. This
relationship becomes more precise as n increases, but is suitable for smaller

populations (approximately 20).

Canonier ==



Section No. 9.0
Revision No. 5
Date 9/15/87
Page 71
Once a quality control sample has been analyzed at least 20 times and the mean
and standard deviation established, it is possible to predict the 1imits into
which any further analysis of the sample will fall i{f the analysis is
performed under fdentical conditions. For example, {f a known QC sample f1s
10.0 ppb, the analysis may produce an X of 9.9 and of 1.0 for 20 results.
Then 95% of the results of re-analysis will fall within 9.9 £ 2.0 or from 7.9
to 11.9. In 11ke manner 99% of the results of reanalysis will fall within 9.9
+ 3.0, or from 6.9 to 12.9. These ranges are known as limits. The upper and
lower warning 1imits are X +2 , and the upper and lower control 1im{ts are X
+3 .

These 1imits can be used to construct a chart defining when an analysis is "in
control." (See Attachment XII)

In order to construct a control chart, the following steps are necessary:
1. Analyze the quality control sample at least 20 times.

2. Collate the results, finding the average (X) and the standard
deviation ( ), ’

3. Set the upper warning 1imit at X + 2 , the lower warning 1imit
ati-z.

4, Set the upper control 1imit at X + 3 and the lower control
limit at X - 3 .

5. Draw a control chart which delineates the average and the four
Timits.

6., Plot each subsequent quality control result on the chart to
demonstrate the precision of that analysis. (See Attachment
XII).

PO RO SN
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10.0 ACCEPTANCE CRITERIA AND PROBLEMS

When an analysis is being performed, the analyst must verify immediately that
the results generated for the quality control samples fails within the
acceptance limits for that analysis.

The quality control sample indicates acceptable analysis values when it falls
between the lower warning limit (LWL) and the upper warning limit (UWL). As
long as the quality control sample falls within these limits the analysis will
continue and results will be released to the client. If the quality control
sample value falls between the control limit and warning limit (UCL and UWL or
LCL and LWL), the analysis should be scrutinized as possibly out-of-control.
The sample results are still acceptable at this point, however, if the control
sample value remains between the control limit and warning limit for 5
consecutive days, the analysis is stopped and no data is released until the

problem is resolved.

If the quality control sample value falls outside the control limits (UCL

or LCL), this indicates an out~of-control situation. The analysis is stopped
and no data is released until the reason for the problem has been identified
and resolved. When an out-of-control situation occurs, the analyst is
required to fill out a QA/QC comment sheet (see Attachment XIII) and submit it
to both their immediate supervisor and the Quality Assurance Officer. After
the problem has been corrected and shown that acceptable results are once
again produced, samples will.once again be analyzed and data will be released.

Depending on the type of problem encountered, the problem and its solution
will be documented.
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Not only are the control charts used to monitor the performance of the
laboratory, the Quality Assurance Officer also monitors the laboratory
performance by releasing blind quality assuiance samples and by randomly
reviewing particular analysis. In the event that the Quality Assurance
Officer spots unacceptable practices, a formal notice (see Attachment XIII) is
issued to the laboratory manager and the section supervisor in which the
corrective actions must be implemented. The section supervisor must respond
to the formal notice and correct any difficiencies.

Precision, Accuracy and Relative Error:

Precision refers to the reproducibility of a method when it is repeated on a

homogeneous sample under controlled conditions.

The precision or reproducibility of a method shall be expressed as a
percentage of the mean and is termed the relative standard deviation or

coefficient of variation:

C =100
A
where CV = Relative standard deviation or coefficient of variation
= standard deviation
X = mean

Relative error expresses the difference between the measured and the actual

amounts:

relative error = X - TV
——
where
X = observed value
TV = true value
X = mean

Therefore, relative error represents the measure of accuracy of a method.

Canoniefrvironmer=.
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METHOD DATE ANALYZED
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ANALYST CLIENT
PROBLEM:

~ CORKECTIVE ACTIONS:

SECTION CHIEF DATE
ANALYST DATE
COMMENTS

QA/QC DEPT. DATE
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11,0 PERFORMED AND SYSTEM AUDITS

Canonie Environmental Services Laboratory routinely analyzes performance audit
samples from both New York State Department of Health for potable and non-

potable water and US EPA for both the drinking water (WS serfes) and
wastewater (WP series) samples.

Certified reference materials are purchased from the National Bureau of
Standards for metals in sediment 1ike matrixs. Additional reference material

is accquired from the US EPA Quality Assurance Materfals Book.

3. Current laboratory certification include:

1. California DOHS certification for the analysis of
Hazardous Wasts.

2. California Department of Health Service, Sanitation and
Radiation, approved water laboratory certification for

General Chemical and Organic Chemical.

3. New York State Department of Health certification for

potable water and non-potable water analysis.

Canomnier o
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12.0 REVIEW OF ANALYTICAL RESULTS BY THE QUALITY ASSURANCE OFFICER

The function of the Quality Assurance Officer is to assure that the quality of
the service delivered to the client meets the highest possible standard of
quality, through the control of handling and analytical procedures performed
on the samples. Should the acquired data be of suspect quality, it is the
duty of the Quality Assurance Officer to halt its release.

Qutlined is the functions and responsibilities performed by the Quality

Assurance Officer:

1. Coordinate proficiency testing for laboratory approval

programs,
2. Coordinate any on-site QA/QC inspections.
3. Prepare and update QA/QC plans.

4, Assist in the development of new analytical methods and

techniques.,
5. Assist in the development and planning of QA/QC documents and
programs with the Project Engineer on a project by project

basis.

6., With the QC committee continue to develop and impliement a QC

program,

Canonier
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9.

10.

11.
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Monitor the sections for compliance to the QA/CC program by:

- reviewing standard storage and preparatfon

- reviewing instrument log books

- reviewing QC documentatfon for completeness

- reviewing sample storage

Analyze data generated from in-house QC check samples.

Advise personnel on laboratory procedures.

Advise personnel when problems are encountered with an

analysis.

Respond to inquiries made regarding laboratory QA/QC related

activities.

RESPONSIBILITIES: The Quality Assurance Officer will:

1.

Identify and refer any instances in which QC objectives are not
being met to the section heads and laboratory manager for

remedial actions.

Assure that suspect data are not included in laboratory

reports.

Canomnier: o
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3, Follow up on the remedia: actions undertaken in response to the
above referrals to assure that QC objectives are once again

being met.
4. Inspect corrective action reports for out-of-control events.

5. Prepare a monthly QA report summarizing any warning sheets
issued, corrective actions taken, unresolved problems, and
overall QC activities of the laboratory.

A monthly QA report is then submitted to the Manager of Laboratory Services,
Ken Wahl, He reviews the progress of the laboratory, makes his
recommendations and goals for the next month. The monthly QA report is
submitted to the Executive Vice President, Phillip E. Antommaria,

Canonie-
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TEST PROCEDURES FOR SOILS ANALYSIS
AND MATERIAL SPECIFICATIONS
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APPENDIX C

TEST PROCEDURES FOR SOILS ANALYSIS
AND MATERIAL SPECIFICATIONS

ASTM

Number Subject

D1586 Standard Penetration Test
D4220 Sample Preservation

02113 Oiamond Core Orilling
D1785 PVC Pipe

D2216 Moisture Content Test
D422 Grain Size Test

D1140 200 Wash Sieve

0698 Standard Proctor Test
D2435 One-Dimensional Consolidation Test
D4318 Atterberg Limit Test

’
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Standard Method for

PENETRATICN TEST AND SPLIT-BARREL SAMPLING OF

SOILS'

Vhis standard 1s wsued under the fixed designation D 1386, ihe number immediately following the designation indiates the year of
onginal adoption or, in the case of revision, the year of last revision A nuimnber in paicntheses indicates the year of last (capproval.
A supciscripl epsilon (¢} indicates an cdilonal change since the last revision of icappsoval

This method has been approved Jor use by agenaies of the Depariment of Defense and for listing in the

and Stundurds
1. Scupe

1.1 This method describes the procedure, gen-
erally known as the Standard Penetration Test
(SPY), tor driving a sphit-barrel sampler to obtain
a representative soil sample and a measure of the
resistance of the soil to penetration of the sam-
pler.

1.2 This stundard may involve hazardous ma-
terials, operations, and equip nent. This standard
does not purport (o address all of the safety prob-
lems associated with its use. It is the responsibil-
iy of whoever uses this standard 1o consult and
estublish appropriate safety and health practices
and determine the applicability of regulatory limi-
taniony prior o use For a specific precautionary
staterment, see 5.4.1.

1.3 The values stated tn inch-pound units are
to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

D 2487 Test Method for Classification of Soils
for Engineering Purposes’

12458 Practice for Description and ldentifr-
cation of Soils (Visual-Manual Procedure)?

124220 Practices for Preserving and Trans-
porting Soil Samples?

3. Descriptions of Ferms Specific to This Stand-

ard

31 anvid-—that porion of the drive-weight as-
scinbly which the hammer strikes and through
which the hammer energy passes into the dnll
fods

32 cathedd —the totating drum or wandlass
i the rope-cathead Wit system around which the
opctator wiaps a rope 1o bt and drop the ham-

DOD Indea of Spevifications

mer by successively tightening and loosening the
rope turns around the drum.

3.3 drill rods—rods used to transmut down-
ward force and torque to the dnll bit while dnll-
ing a borehole. A

3.4 drive-weight assembly—a device consist-
ing of the hammer, hammer fall guide, the anvil,
and any hammer drop system.

3.5 hammer—that portion of the dnive-weight
assembly consisting of the 140 £ 2 1L (63.5 £ |
kg) impact weight which is successively lifted and
dropped 10 provide the energy that accomplishes
the sampling and pencetration.

3.6 hammer drop system—that portion of the
drive-weight assembly by which the operator ac-
complishes the lifting and dropping of the ham-
mer to produce the blow.

3.7 hammer fall guide—that parnt of the drive-
weight assembly used to guide the fall of the
hammer.

3.8 N-value—the blowcount representation of
the penctration resistance of the soil. The N-
value, reported in blows per foot, equals the sum
of the number of blows required 1o drive the
sampler over the depth interval of 6 to 18 in.
(150 to 450 mm) (sce 7.3).

3.9 AN—the number of blows obtained from
each of the 6-in. (150-mm) intervals of sampler
penetration (see 7.3).

310 number of rope turns—ihe total contact
angle between the rope and the cathead at the

¢ Thas mctho 1y under the punsdaiction of ASTM Commatiee
D18 on Soib and Rock and s the diet responssiiny of
Subcommattee IR D2 on Samphing and Relared Freld Tesung
for Sast Investigations

Cunentediion approsed Sept HE 1984 Published Novem
ber 1984 Onginatly published as 1D 1586 - 58 1 Last previows
cdinion D) 1586 67 (1914

Y Annnal Bouk of 18T Standurdy, Vol 04 08

¢ o156

beginning of the operator’s rope slackening 10
drop the hammer, divided by 360" (see Fig. 1).

3.0t sampling rods—rods that connect the
dnive-weight assembly to the sampler. Drll rods
are often used for this purpose.

312 §PT—abbreviation for Standard Pene-
tration Test, a term by which engineers com-
monly refer (o this method.

4. Sigaificance and Use

4.1 This method provides a soil sample for
dentification purposes and lor laboratory tests
appropriate for soil obtained from a sampler that
may produce large shear strain disturbance in the
sample.

4.2 This method is used extensively in a great
variety of geotechnical exploration  projects.
Many local correlations and widely published
correlations which relate SPT blowcount, or N-
value, and the engineering behavior of earth-
works and foundations are available.

S. Apparatus

5.V Drilling Equipment—Any drilling equip-
ment that provides at the time of sampling a
suitably clcan open hole before insertion of the
sampler and ensures that the penetration test is
performed on undisturbed soil shall be accepla-
ble. The following pieces of equipment have
proven to be suitable for advancing a borchole
in some subsurface conditions.

SN Drag. Chopping. and Fishtail Bass, less
than 6.5 in. (162 mm) and greater than 2.2 in.
(56 mm) in diameter may be used in conjuction
with open-hole rotary drilling or casing-advance-
ment drilling methods. To avold disturbance of
the underlying soil, bottom discharge bits are not
permitted; only side dischaige bits are permitted.

5.1.2 Roller-Cone Buts, less than 6.5 in. (162
mm) and greater than 2.2 in. (56 mm) in diam-
eler may be used in conjunction with open-hole
rotary dnlling or casing-advancement drilling
methods if the drilling Nuid discharge is deflected.

5.4.3 Hollow-Stem Continuous Flight Augers,
with or without a center bit assembly, may be
used 10 dnil the boring. The inside diameter of
the hollow-stem augers shall be less than 6.5 in.
(162 mm) and greater than 2.2 in (56 mm).

S 14 Solid. Contmnuows Flight, Bucket and
Hand Augers, less than 6.5 in. (162 mm) and
greater thuan 2 210 (56 mm) in diameter may be
used if the soil on the side of the boring does not

cave onto the sampler or sampling rods dunng
sampling.

5.2 Sampling Rods—Hush-joint steel dnill
rods shall be used to connect the split-barrel
sampler to the dnve-weight assembly. The sam-
phing rod shail have a stiffness (moment of iner-
tia) equal 10 or greater than that of parallel wall
“A" rod (a steel rod which has an outside diam-
eter of 1% 1n. (41.2 mm) and an inside diameter
of 1'A1n. (28.5 mm).

NoO1E 1 --Recent research and comparative testing
indicates the type rod used, with stiffness ranging from
“A” size rod to “N" size rod, will usually have a
negligible eflect on the N-values to depths of at least
100 ft (30 m).

5.3 Split-Barrel Sumpler— The samples shall
be constructed with the dimensions indicated in
Fig. 2. The dnving shoe shall be of hardened steel
and shall be replaced or repaired when 1t becomes
dented or distorted. ‘The use of liners to produce
a constant inside diameter of | % in. (35 mm) is
permited, but shall be noted on the penciration
record if used. The use of a sample retainer basket
15 permilted, and should also be noted on the
jenetration record if used.

Norg 2--Both theory and avadable test data suggest
that N-values may ncrease between 10 10 30 % when
liners are used.

5.4 Drive-Weght Assembly

5S40 Hammer and Anvil—1 he hammer shall
weigh 140 £ 2 1b (63.5 £ 1 hg) and shall be a
solid 1igid metallic mass. The hammer shatl stake
the anvil and make steel on steel contact when it
is dropped. A hammer fall guide permitting a
free fall shall be used. Hammers used with the
cathcad and rope method shall have an un-
impeded overhft capacity of at least 4 in. (100
mm). For safety reasons, the use of a hammer
assembly with an internal anvil is encouraged

Nove 3— 1t is suggested that the hammer fall guide

be permanently marked 10 enable the operator or in-
spector 10 yudge the hammer drop height.

5.4.2 Harumer Drop Systerm—Ropecathead,
trip, semi-automatic, or automatic hammer drop
systems may be uscd, providing the lifting appa-
ratus will not cause penetration of the sampler
while re-cngaging and hfting the hammer.

SS Accessory Equipment —Accessonies such
as labels, sample contamners, data shects, and
groundwaler level measuning devices shall be pro-
vided 1in accordance with the requirements of the
project and other ASTM standards
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6. Drilling Procedure

6.1 the boning shall be advanced incremen-
tally 10 permit intermitient or continuous sam-
pling. lest intervals and locations are normally
stipulated by the project engineer or geologist.
Typically, the intervals selected are 5 A (1.5 mm)
or less in homogeneous strata with test and sam-
phing locations at every change of strata.

6.2 Any dnlling procedure that provides a
suitably clean and stable hole before insertion of
the sampler and assures that 1 1e penetration test
is performed on essentially undisturbed soil shall
be acceptable. Each of the following procedures
have proven to be acceptabie for some subsurface
conditions. The subsurface conditions antici-
pated should be considered when selecting the
dniling method to be used.

6.2.1 Open-hole rotary drilling method.

6.2.2 Continuous flight hollow-stem auger
method.

6.2.3 Wash boring method.

6.2.4 Continuous flight solid auger method.

6.3 Several dnlling methods produce unac-
ceptable bonings. The process of jetting through
an open tube sampler and then sampling when
the desired depth is reached shali not be permit-
ted. The continuous flight solid auger method
shall not be used for advancing the boring below
a water table or below the upper confining bed
ol a confined non-cohesive stratum that is under
artesian pressure. Casing may not be advanced
below the sampling elevation pnor to sampling.
Advancing a boring with bottom discharge bits
1s not permissible. It is not permissible to advance
the boring for subscquent insertion of the sam-
pler solely by means of previous sampling with
the SPT" sampler.

6.4 The dnlling fluid level within the boring
or hollow-stem augers shall be maintained at or
above the in situ groundwater level at all times
during dnlling, removal of dnil rods, and sam-
pling.

7. Sampling and Testing Procedure

7.1 After the boning has been advanced to the
dested samplhing elevation and excessive cuttings
have been temoved, prepare for the test with the
tollowing sequence of operations.

711 Anach the sphit-barrel sampler 10 the
samphing rods and lower into the borehole. Do

not allow the sampler 1o drop onto the soil 10 be
sampled.

7.1.2 Positton the hammer above and attach
the anvil to the top of the sampling rods. This
may be done betore the sampling rods and sam-
pler are lowered into the borchole.

7.1.3 Rest the dead weight of the sampler,
rods, anvil, and drive weight on the bottom of
the boring and apply a seating blow. I{ excessive
cuttings are encountered al the bottom of the
bonng, remove the sampler and sampling rods
from the boring and remove the cuttings.

7.1.4 Mark the drill rods in three successive
6-1n. (0.15-m) increments so that the advance of
the sampler under the impact of the hammer can
be casily observed for cach 6-in. (0.15-m) incre-
ment.

7.2 Dnve the sampler with blows from the
140-1b (63.5-kg) hammer and count the number
of blows applied in each 6-in. (0.15-m) increment
until one of the following occurs:

7.2.1 A t01al of 50 blows have been applied
during any one of the three 6-in. (0.15-m) incre-
ments descnbed in 7.1 4.

7.2.2 A total of 100 blows have been applied.

7.2.3 There is no observed advance of the
sampler dunng the application of 10 successive
blows of the hammer.

7.2.4 The sampler is advanced the complete
18 in. (0.45 m) without the imiting blow counts
occurming as described in 7.2.1,7.2.2, 0r 7.2.3.

7.3 Record the number of blows required to
eflect each 6 in. {0.15 m) of penetration or frac-
tion thzreof. The first 6 in. is considered to be a
seating drive. ‘The sum of the number of blows
required for the second and third 6 in. of pene-
tration 1s termed the “standard penetration re-
sistance”, ot the “N-value”. If the sampler is
dnven less than 18 in. (6.45 m), as permitted in
7.2.1, 7.2.2, or 7.2.3, the number of blows per
each complete 6-1n. (0.15-m) increment and per
each partial increment shall be recorded on the
boring log. For partial increments, the depth of
penetration shall be reported to the nearest 1 in.
(25 mm), in addition to the number of blows. If
the sampler advances below the bottom of the
bonng under the static weight of the drill rods or
the weight of the dnill rods plus the siatic weight
of the hammer, this information should be noted
on the boning log.

7.4 The raising and deopping of the 140-1b

(
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(63.5-kg) hammer shall be accomplished using
either of the following two methods:

7.4.1 By using a trip, automatic, or semi-au-
tomatic hammer drop system which lifts the 140-
Ib (63.5-kg) hammer and allows it to drop 30 £
10in. (0.76 m £ 25 mm) unimpeded.

7.4.2 By using a cathead to pull a rope at-
tached to the hammer. When the cathead and
rope method is used the system and operation
shall conform to the following:

7.4.2.1 The cathead shall be essentially free of
rust, oil, or grease and have a diameter in the
range of 6 10 10 0. (150 to 250 mm).

7.4.2.2 The cathead should be operated al a
minimum specd of rotation of 100 RPM, or the
approximaic speed of rolation shall be reported
on the banag log.

7.4.2.3 No more than 2% rope turns on the
cathead may be used during the performance of
the penctration test, as shown in Fig. 1.

Nutlk 4—The operator should generally use either
1% or 2V rope turns, depending upon whether or not
the rope comes oft the top (1% turns) or the bottom
(2% turns) of the cathcad. hois generally known and
accepted that 2% or inose rope turns considerably
impedes the fall of the hammer and should not be used
1o perform the test. The cathead rope should be main-
tained in a redatively dry Jean, and unfrayed condition.

7.4.2 4 For cach hammer blow, a 30-in. (0.76-
m) lift and drop shall b: employed by the oper-
atar. ‘The operation of pulling and throwing the
rope shall be performed rhythmically without
holding the rope at the top of the stroke.

7.5 Bring the sampler to the surface and open.
Record the percent recovery or the length of
sample recavered. Describe the soil samples re-
covered as 1o composition, color, stratification,
and condition, then place one or more repre-
sentative portions ol the sample into scalable
moisture-proof containers (jars) without ram-
ming or distorting any apparent stratification.
Seal each container 1o prevent evaporation of soil
moisture. Affix labels 10 the containers bearing
job designation, boring number, sample depth,
and the blow count per 6-in. (0.15-m) increment.
Protect the samples against extreme temperature
changes. If there 1s a soil change within the
sampler, make a jar for each stratum and note
its location in the sampler barrel.

8. Report

¥ 1 Duolhing inforn von shall be recorded in
the ticld and shall nn( the following.

8 1 1 Name and location of job,

8.1.2 Names of ciew,

8.1.3 Type and make ol drilhng machane,

8 1.4 Weather conditions,

8.1.5 Date and ume of stan and fimsh of
boring,

8.1.6 Bonng number and location (station
and coordinates, if available and applicable),

8.1.7 Surface clevation, if available,

8 1.8 Mcthod of advancing and cleaning the
boring,

B. 1.9 Method of keepaing bonng open,

8.1.10 Depth of water surface and dalling
depth at the fime of a noted loss of dnlling fluid,
and time and date when reading or notation was
made,

8.1 11 1 ocation of strata changes,

8 1.12 Size of casing, depth of cased portion
of boring,

8.1.13 Equipment and method of dnving
sampler,

B8.1.14 Type sampler and length and 1nside
diameter of barrel (note use of hiners),

B.1.15 Size, type, and scction length of the
sampling rods, and

8. 1.16 . emarks.

8.2 Dar . obtained for each sample shalt be
recorded w the ficld and shall include the follov--
ng:

8.2 1 Sample depth and, if unilized, the sample
number,

8.2.2 Description of sail,

8.2.3 Strata changes within sample,

8.2.4 Sampler  penctration  and
lengths, and

8.2.5 Number of blows per 6-in. (0.15-m) or
partial increment.

recovery

9. Precision and Bias

Y.1 Vanauons in N-values of 100 % or more
have been observed when using different stand-
ard penetration test apparatus and dnllers for
adgacent boriags i the same sotl formation. Cur-
rent opinion, based on ficld expenence, indicates
that when using the same apparatus and drilicr,
N-values in the same sl can be reproduced winh
a coeflicient of vanation of about 10 %.

9.2 The use of faulty equipment, such as an
extremely massive or damaged anvil, a rusly
cathead, a fow speed cathead, an old, oaly rope,
or masstve or pootly hiboicated rope sheaves can
signtficantly contnbute to dillerences in M-vatucs
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delivered into the dnll rods from the sampler and
adjusting N on the basis of comparative energies.

oblained beiween operator-dnill ng systems.
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9.3 The variability in N-values produced by
different drill rigs and operators may be reduced A method for energy measurement and N-value

by mecasuring that part of the hammer energy

HiG.

\tl

u.s——,la—

«aUQuwu O



ﬂp Designation: D 4226 83

Standard Practices for

PRESERVING AND TRANSPORTING SOIL SAMPLES'
mwnMMMMWDAMMMNWﬂ:mwmm

of onig a 0r, is L case of revisics, the year of last revisica. A sumber
- A supsracript epeilos (¢) indicales sa editonial changs since the last revisios of reapproval.

1, Scope
1.1 These practices set forth methods for
ing soil samples immediately after they
o obtained in the field and accompanying
gathods for transponing and bandling the

1.2 These practices may include the handling
wad Lransporting of soil samples contaminated
wih hazardous matenials and samples subject to
quaranuine regulations.

1 Applicable Documests

2.t ASTM Siandards:

D 420 Recommended Practice for Investi-
gating and Sampiing Soil and Rock for
Eagincering Purposes’

D 1452 Practice for Sou Investigation and
Sampling by Auger Borings®

D 1586 Method for Penctration Test and
Split-Barrel Sampling of Soils?

D 1587 Practice for Thin-Walled Tube Sam-
pling of Soils®

D 2488 Practice for Descnption and ldentifi-
cation of Soils (Visual-Manual Procedure)

D 3550 Practice for Ring-Lined Barrel Sam-
pling of Soils

) Summary of Practices

3.1 The vanous methods are given under four
groupings as follows:

31.1 Group A—Samples for which only gen-
eral visual identification is necessary.

312 Group B—Samples for which only wa-
ter content and classification tests, Proctor and
relative density, or profile logging is required,
and bulk samples that will be remolded or
compacted into specimens for swell pressure,
percent swell, consolidation, permecability,
shear testing, CBR, stabilometer, etc.

(
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3.1.3 Growp C—Intact, naturally formed or
field fabricated, samples for density determi-
nations; or for swell pressure, percent swell,
consolidation, permeability testing, and shesr
testing with or without stress-strain and volu:ne
change measurements, to include dynamic and
cyclic testing.

3.1.4 Growp D—Sampics that are fragile or
highly seasitive for which tests in Group C are
required.

3.2 The method(s) to be used should be in-
cluded in the project specifications or defined
by the designated responsibic person.

4. Sigaificance and Use

4.1 Use of the various methods in these prac-
tices is depeandent on the type of samples ob-
tained, the type of iesting and engineering
properues required, the fragility and sensitivity
of the soil, and the climatic conditions. In all
cases, the primary purpose is (0 preserve the
desired inhereat conditions.

4.2 The methods presented in these practices
were primarily developed for soil samples that
are 1o be lested for enginoering propertics, how-
ever, they may be applicable for samples of soil
and other materials obtained for other pur-
poses.

5. Apparatus

5.1 The type of matenals and contaners
nceded depend upon the conditions and re-

' These pracuces are under the junsdiction of ASTM Com-
mitiee D-18 on Soil snd Rock and are the direct nespoassbulity
of Subcommitiee D1 8.02 on Sampling and Relatod Field Testing
foc Soil Invesugations.

Current editicn approved Jan. 28, 1983 Publshed March
1983
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yuirements Listed under the four groupings A
o D in Section 3 and also on the climate and
transporting mode and distance.

5.1.1 Sealing Wax, includes microcrystalline
wax, paraﬂ'm, beeswax, ceresine, carnaubawax,
or combinanions thercof.

5.1.2 Metal Disks, about Yie in_ (2 mm) thick
and having a diameter slightly less than the
\nside diameter of the tube, liner, or ring and
10 be uscd in union with wax or caps and tape,
or both.

5.1.3 Wood Disks, ptcwaxcd. 1 in. (25 mm)
Ihick, and having a dismeter slightly less than
\he inside diameter of the liner or tube.

5.1.4 Tape, cither waterproof plastic, adhe-
sive friction, or duct tape.

$.1.5 Cheesecloth, 10 be used in union with
wax n alternate layers.

5.1.6 Caps, cither plastc, rubber, or metal,
10 be placed over the ends of thin-walled tubes,
liners, and rings, in union with tape or wax.

5 1.7 Packers, used to scal the ends of sam-
ples within thin-walled tubes.

Note 1— Plastic cxpandable packers arc pre

ferred. Metal expandable packers seal equally well;
however, long-urm SI07AgE MAY CAusc COTTOsION

problers.

S.1.8 Jars, wide-mouthed, with rubber-
ringed lids or hids lined with a coatcd paper
seal and of a size to comfortably receive the
sample, commonly % pt (250 mL), 1 pt (500
mL), and quan sized (1000 mL).

5.1.9 Bag, cither plastic, burlap with liner,
burlap, or cloth type.

5.1.10 Packing-—Malerial to protect against
vibration and shock.

5.1.11 Insulation, cither granule (bead),
sheetl, of foam typc, 1o resist temperatusc
change of soil or 10 prevent freezuing.

5.1.12 Sample Cube Boxes, for tsansporung
cube (block) samples and constructed with %
1o ¥%-in. (13 10 19-mm) thick plywood (Manne
type).

5.1.13 Cylindrical Sample Containers, some-
what larger in dimension than the thin-walled
tube or liner samples, such as cylindnical frozen
food carnons.

5.1.14 Shipping Containers, either box or ¢y-
lindrical type and of proper comstruction 1o
proiect against vibration, shock, and the ele-
ments, 10 the degree required.

Nott 2 Thclength, gith, and weight restactions
for commescial Lansportation must be considered
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S 1 VS Identification Material  Thisincludes
the nccessary wnting pens, 1ags, and labels 1o
propcrly idenufy the sample(s)

6. Precautions

6.1 Preserving and transporting soul samples
may invelve contact with hazardous materials,
operations, und equipment It 15 the responstbiluy
of whoever uses this standard 1o consuli and
estublish appropriate sajety and health practices
and 1o deternine the apphicabiity of regulatory
Limuanions privr (o use

6.2 Special instrucuions, descripuions, and
marking of contawners must accompany any
sample that may include radioactive chemical,
toxic, of other contaminant quler'\al.

6.3 Inlersiate lranspofiation containment,
storage, and disposal of soil samples obtained
from certain areas within the United States and
the transportation of foreign soils into of
through the United States are subject to regu-
\ations cstablished by the U. S. Dept. of Agn-
culture, Animal and Plant Health Service, Plaat
Protection, and Quarantine Programs, and pos-
sibly 10 regulations of other Federal, stale, o6

local agencies.

7. Procedure

71 All Samples—Properly identify samples
with 1ags, labels, and markings pnor to traos
porting them as follows:

7.1.1 Job name or number, or both,

7.1.2 Sampling date,

7.1.3 Sample/boring number and location,

7.1.4 Depth or clevation, or both,

7.1.5 Sample orientation,

7.1.6 Special shipping or laboralory has
dling instructions, or both, including sampk
orientation, and

7.1.7 Penectration test data, if apphcablc.

7.2 Group A:

7.2.1 Transport samples in any type of o
tainer by way of any available lransporlllio‘
If ransporicd commercially, the container
only meet the minimum requirements of
transporting ageocy and any other requi®
ments necessary (0 assure against sample

7.3 Group B:

7.3.1 These samples shall be prescrved !
wransported in  scaled, moistureproofl
tainers. All containers shall be of suﬂiw
thickness and strength 1o assure against D¢
age The coniawmncr types include: plashi€

120

(1]

or pails, glass or plastic (provided they arc
u(nlerpr?oﬁ jars, thin-walled tubes, liners, and
rings. Cylindrical and cubc samples may be
w(lpped in suitable plastic film or aluminum
:‘onl, or l:}oth, (Note 3) and coated with several
ayers of wax, or sealed in several
cheesecloth and wax. veral Iayers of
732 These samples may be transported by
any available transportation. They may be
shhl‘pped as prepared or placed in larger ship-
ping containers, including bags, cardboard
wooden boxes, or barrels.s ¥ oo

NoTe 3 Some soils may cause hol
in aluminum foil, due 0 ’conosion‘.) c/:::.:c;;t’g

contact where adverse effects 10 composi
sam poasi
are a concern. ple o

7.3.3 Plasiic Bags- -The plastic bags should

:m?l:ws: as Ughtly as possible around the
, squeezing out as much air as

They shall be 3 mul or thicker to prcvc‘,:ls:;:lke:

age.

7.3.4 Glass- Plastic Jars—1f the jar lids are
not rubber ringed or lined with new waxed
paper seals, the lids must be sealed with wax.

1.3.5 Plastic Pails—If the plastic pail lids are
oot air light, they must be scaled with wax

136 Thin Walled rubes '

.3.6.1 Expandabl Packers--The prefe
method of sealing sample ends wilhi: luber:e‘:
with plastic expandable packers.

73.6.2 Wax with Disks—For short-term
scaling, paraffin wax 1s acceptabic. For long-
term sc_ah'ng (in excess of 3 days), use micro-
crystalline waxes or combine them with up to
15% beeswax or rosin for better adherence to
the wall of the tube and to reduce shrinkage.
(snes:e:m.'lclkh: l.y":rl: of wax are preferred over

er. The minim i
ek l); 10 um final thickness
enZ‘J.b.] End Caps—Metal, rubber, or plastic

caps should be sealed with tape. For long-

':l:l storage (longer than 3 days), they shall

ye: dipped in wax, applying two or more

" 1364 Cheesecloth and Wax- Aliernating

u‘)'del's (a mimimum of iwo cach) of cheesecloth

mbewn may bc used (o scal cach end of the
and stabilize the sample.

Note 4. Where nec
: CCessary, spacers of
Packing matenal, or boih, mu£ be phc;zp;:!:)r:.ll;

seali .
mt;:g the tube ends o pwv!de the proper confine-

;’ 37 Linersand Ru s
370 Reler1o7.3 3or7.36.4

721
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71.3.8 Exposed Samples:
1.38.1 Cylindrical, Cubical, or Other Sam-
ples Wrapped in Plastic, such as polycthylene
and polypropylene or foil should be further
protecied with a minimum of threc coats of
wax.
71.3.8.2 Cylindrical and Cube Samples
Wrapped in Cheesecloth and Wax, shall be
scaled with a minimum of three layers of each
placed alternately. .
1.3.83 Carton Samples (Frozen Food Car-
tons)—Samples placed in these containers must
be situated so that wax can be poured com-
pletely around the sample. The wax should fill
the void between the sample and container
wall. Generally, the samples should be wrapped
in plastic: or foil before being surtounded with
wax.
7.4 Group C:
7.4.1 These samples must be preserved and
sealed in containers as covered under 7.3. In
addition. they musi be prolecied against vibra-
tion and shock and protected from cxtreme
heat or cold.
742 Samples transported by the sampling
or testing agency personael on automobile and
truck cab sea s need only be placed in card-
board boxes - r similar containers into which
the scaled san.ples fit snugly preventing bump-
ing, rolling, dropping, eic.
7.4.3 For all other methods of transporting
samples, including bus, parcel services, truck
boat, air, eic., i! will be necessary to place IIK;
sealed samples in wood, metal, or otber type of
suitable shipping containers that provide cush-
ioning or insulation, or both, for cach sample
;l;d co:un:er. Transporting by any agency
0se handii i i
phiose an ling of containers is suspect shall
be7.4.4 The cushioning material (sawdust, rub-
T, pplyslynnq. urcthane foam, or matenat
with similar resilicacy) should completely en-
case cach sample. The cushioning between the
samples and walls of the shipping containers
should have a minimum thickness of 1 in. (25
mm). A minimum thickness of 2 in. (50 mm)
sh;ll be provided on the container floor.
e .:.S Whgn necessary, the samples should

shipped in 1he same position in which they
were sampled. Otherwise, special conditions
shl!l be provided such as freczing, controlied
drainage, or sufficicnt confinement, or a com-
bination thereof, of the soil. .

1.5 Group D:
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7.5.1 The requirements of 7.4 must be mey,
plus the following:

7.5.1.1 Samples should be handied 1 the
same orientation in which they were sampled,
including duning transportaticn or shipping,
with appropnatc markings on the shipping con-
tainer.

7.5.1.2 For all modes of private or commer-
cal transportauon, the loading, transporung,
and unloading of the shipment containers
should be supervised as much as possible by a
qualified persoa.

Nors 5—A qualificd person may be an cogunces,
geologist, sodl scienlist, soils technician, or responsibic
person designated by the project manager.

1.6 Shipping Containers— See Figs. | to 6 for
typical containers,

7.6.1 The following features should be -
cluded in the design of the shipping coatainer
for Groups C and D.

7.6.1.1 It should be reuseable,

7.6.1.2 1t should be coastructed so that the
samples can be maintained, at all umes, in the
same position as when sampled or packed, or
both,
7.6.1.3 It should include sufficient packing
material to cushion or isolate, or both, the tubes
from Lhe adverse effects of vibration and shock,
and

7.6.1.4 Iishould include sufficient insulating
malerial (o prevent freezing, sublimation, and
thawing, or undesirable temperaturc changes.

7.6.2 Wood Shipping Containers:

7.6.2.1 Wood is preferred over metal. Out-
door (Marine) plywood having a thickness of
% to ¥% in. (13 0 19 mm) may be used. The top
(cover) should be hinged and latched or fas-
tened with screws.

7.6.22 The cushioning requircments arc
given under 7.4.4.

7.6.2.3 For protection against freczing or ex-
treme iemperature variation, the catire ship-
ping container should be lined with a minimum
insulation thickness of 2 in. (50 mm).
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163 Metal Shipping Containers:

76.3.1 The melal shipping containers must
uncorporate cushioning and insulatioa material
to minimum thicknesses covered under 7.6.2,
although shightly gicater thicknesses would be
appropnale. Altematively, the cushion cffect
could be achieved with a spring suspension
system or any other means that would provide
similar protection.

7.6.4 Styrene Shipping Containers:

7.6.4.1 Bulk Siyrene, with slots cul 10 the
dumensions of the sample tube or liner. A pro-
tecuve outer box of plywood or rewnforced card-
board is recommended.

7.6.5 Other Containers:

7.6.5.1 Containers construcied with  lami-
nated fiberboard, plastic, or reinforced candboard
ouler walls, and properly lined, may also be used

8. Report

8.1 The data obuained in the ficld shall be
recorded and shall include the following:

8.1.1 Job name ur number, or both,

8.1.2 Sampling date(s),

8.1.3 Sample/boring number(s) and locs-
uon(s),

8.1.4 Depth(s) or clcvation(s), or both,

8.1.5 Sampic oricnlation,

8.1.6 Ground water observation, if any,

8.1.7 Mcthod of sampling and penctratio
test data, if applicable,

8.1.8 Sample dimensions,

8.1.9 Soit description (see Practice D 2488),

8.1.10 Names of technician/crewman, eng-
neer, project chief, eic.,

8.1.11 Weather conditions, and

8.1.12 General remarks.

9. Precisions and Accuracy

9.1 Thesc practices provide qualitative and
general information oaly, therefore a precisiof
and accuracy statement is not applicable.

b pa22
@\ e Top & bottom must be screwed
‘ \,5(5 /‘/,,— . in‘tjo]p:a;edgtop may be hinged
RN - and latche
\ Vﬁf\’%()(\ P 2
< <« g ’
g "
A—
14"
(3 5 mm) 10
(254 mm)
2% N o
(51 mm)__ >
Typ.
4" (102 mm) Dia. Hole
‘4 holes each, top & 18"
bottom divide
viders) (457 om)
1/2* (13 om) Oia. Rupe/
Handle (one this side T
& one opposite side) :
10
A (254 wm)
Minimum of 7 nails .n -—/
each long edge (preferably J
als0 glued with waterproof AT
glue) -
_Padding
471102 mn) of urethane foam
(or equivalent) in the bottom
of the box. 1" (25 mm) around H

the tubes and on top.
Materal

34719 wm) thick plywood
{exterior grade}

FIG. | Shipping Box for Y-in. (76-mm) Thin-Walled Tubes
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Lall valve, to control fluid flow, in all three
available sizes and the addition of a sludge bafrcl,
to cate b heavy cutungs, on the two larger s;zcs.
1he Luge-diameter design double tube, swivel-
type, core barrels are available in three core per
hole sizes as follows: 2% in. (69.85 mm) by 3'7/1
in. (98.43 mun), 4 in. (101.6 mm) by 5% in.
(139.7 mm), and 6 in. (152.4 mm ) by 7% .
(196.85 mm). Their usc is generally reserved for
very detailed investigative work or where other
methads do not yield adequate recovery.

436 Double Tube, Swivel-1ype, Remeva{lle
Inner-Tube Method, in which the core-laden in-
ner-tube assembly is retrieved 1o the surface and
an emply inner-tlube assembly returned to the
lace of the burehole through the matching, large-
bore dnll 10ds without need for withdrawal and
replacement of the dnill rods in the borgholc. The
mner-tube assembly consists of an inner tube
with removable core lifter case and core lifter at
one end and a removable inner-tube head, swivel
bearing, suspension adjustment, and Ialch.ing de-
vice with release mechanism on the opposite end.
The inner-tube latching device locks into a com-
plenientary recess in the wall of the outer tube
such that the ouler tube may be rotated without
causing rotation of the inner tube anq such that
the latch may be actuated and the inner-tube
assembly transported by appropriate surface con-
trol. The outer tube is threaded for the matching,
large-bore dnli rod and inlcrnally.conﬁgured to
receive the inncr-tube latching device at one enq
and threaded for a reaming shell and bit, or bit
only, at the other end.

4.4 Longitudinally Spiu Inner Tubes—As op-
posed to conventional cylindnical inner tubes,
allow inspection of, and access to, the core by
simply removing one of the two halves. They are
not standardized but are available for most core
barrels including many of the retnevable inner-
tube types. )

4.5 Core Bus—Core bits shall be surface set
with diamonds, impregnated with small diamond
particles, inserted with tungsten carbide slugs,. or
strips, hard-laced with various hard surfacing
materials or furnished in saw-tooth form, all as
appropriate 1o the formation being C(.)N:d anq
with concurrence of the geologist or engineer. Bit
matnx matenal, crown shape, water-way type,
location and number of water ways, diamqnd
size and caral werght, and tut facing materials
shall be for general purpose use unless otherwise

approved by the geologist or engineer. Nominal
size of some bils are shown in Table 1.

Noit | — Size designaton  (letter symbols) used
throughout the text and in Tables 1, 2. and 3 are those
standardized by the Diamnond Coie Dnll Manul’aclur-
ers’ Assoc. (DCDMA). Inch dimensions in the l_ablcs
have been rounded (o the nearest hundredth of an inch.

4.6 Reamung Shells, shall be surface set with
diamonds, impregnated with smatl diamond par-
ticles, inserted with tungsten carbide stnps or
slugs, hard faced with vanous types of hard sur-
facing matenals, or furnished blank, all as appro-
pnate to the formation being cored. _

4.7 Core Lifiers—Core lifters of the spht-nng
type, either plain or hard-faced, shall be furnished
and maintained, along with core-hfter cases or
inner-tube extensions or inner-tube shoes, 1
good condition. Basket or finger-type liflers, to-
gether with any necessary adapters, shall be on
the job and available for use with enc_h core barrd
if so directed by the geologist or engineer.

4.8 Casings:

4.8 1 Drive Pipe or Drive Casing, shall be
standard weight (schedule 40), extra-heavy
(schedule 80), double extra-heavy (schedule I_60)
pipe or W-design flush-joint casing as required
by the nature of the overburden or the placement
method. Drive pipe or W-design casing shall be
of suflicient diameter to pass the largest core
barrel to be used, and it shall be dniven to bod
rock or to firm seating at an elevation below
water-sensitive formation. A hardened drive shoe
is 10 be used as a cutting edge and thread proteo-
tion device on the bottom of the drive pipe or
casing. The drive shoe inside diameter shall be
large enough 1o pass the tools intended for use,
and the shoe and pipe or casing shall be free from
burrs or obstructions.

482 Casing—When  necessary  to  case
through formations alrcady penctraled by the
borehole or when no drive casing has been set,
auxiliary casing shall be provided to fit inside the
borehole to allow use of the next smaller core
barrel. Standard sizes of telescoping casing are
shown in Table 2. Casing bits have an obstructioa
in their interior and will not pass the next smalley
casing size. Use a casing shoe if additional teles
coping is anticipated.

4.8.3 Casing Liner—Plastic pipe or sheet
metal pipe may be used 1o line an existing large-
diameter casing. Liners, so used, should not be
driven, and care should be taken to maintan tree

b

ahgnment thioughout the length of the liner.

4.8.4 Hollow Stem Auger—Hollow stem au-
ger may be used as casing for coring,

4.9 Dnll Rody

490 Drdl Rods of Tubsdar Steel Construction
are normally used to transmit feed, rotation, and
retraction forces from the drilling machine to the
core barrel. Drill-rod sizes that are presently
standardized are shown in Table 3.

49.2 Large bore drill rods used with retrieva-
ble inner-tube core barrels are not standardized.
Drll rods used with retrievable inner-tube core
barrels should be those manufactured by the
core-barrel manufacturer specifically for the core
barrel.

493 Composite Dnll Rods are specifically
constructed from two or more materials intended
to provide speaific propertics such as light weight
or electncal nonconductivity

4.9.4 Nonmagnetie Drll Rods are manufac-
tured of nonferrous materials such as aluminum
or brass and are used primarily for hole survey
work. Some nonmagnetic rods have lefi-hand
threads in order 10 further their value in survey
work. No standard exists for nonmagnetic rods.

410 Aundiary Equipment, shall be furnished
as required by the work and shall include: roller
rock bits, drag bits, chopping bits, boulder bust-
ers, fishwail bus, pipe wrenches, core barrel
wrenches, lubrication cquipment, core boxes,
and marking devices. Other recommended
equipment includes: core splitter. rod wicking,
pump-out tools or extruders, and hand sieve of
slrainer.

5. ‘lransportation and Storage of Core Con-
tainers

5.1 Core Boves, shall be constructed of wood
or other durable material for the protection and
storage of cores while enroute from the drill site
1o the laboralory or other processing point. All
core boxes shall be provided with longitudinal
xpaiators and recovered cores shall be laid out
as a book would read, from left to night and top
to bottom, within the longitudinal ‘scparalorsA
Spacer blocks or plugs shall be marked and in-
serted into the core columan within the separators
0 indicate the beginning of each coring run. The
beginning point of storage in each core box is the
wpper left-hand corner. The upper left-hand cor-
ner of a hinged core box is the left corner when
the hinge is on the far side of the box and the
box is right side up Al hinged core boxes must
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be perimanemily marked on the outside to indi-
cate the top and the botiom. Al other core boxes
must be permanently marked on the outside 10
indicate the op and the bottom and additionally,
must be permanently marked internally 10 inds-
cate the upper-left corner of the bottom with the
letters UL or a splotch of red paint not less than
1in.2 Lid or cover fithing(s) for core boxes must
be of such quality as 10 ensure against mix up of
the core in the event of impact or upseting of
the core box duning transportation.

5.2 Transpontation of cores from the dill site
to the laboratory or other processing point shall
be in durable core boxes so padded or suspended
as to be isolated from shock or impact transmit-
ted to the transporter by 1ough 1errain or careless
operauon.

5.3 Storage of cores, alier initial lesting or
inspection at the laboratory or other processing
point, may be in cardboard or similar less costly
boxes provided all layout and marking require-
ments as specificd in 5.1 are foltowed. Additional
spacer blocks or plugs shall be added if necessary
at time of storage 10 explain missing core. Cores
shall be stored for a peniod of time specified by
the ergineer but should not normally be dis-
carded prior to completion of the project for
which they were taken.

6. Procedure

6.1 Use core-dnliing procedutes when for-
mations are encountered that are 100 hard to be
sampled by soil-sampling methods. A 1-in. (25.4-
mm) or less penetration for 50 blows in accord-
ance with Mcthod 1) 1586 or other critena estab-
lished by the geclogist or engineer, shall indicate
that soil-sampling methods are not applicable.

6.1.1 Seat the casing on bedrock or in a firm
formation o prevent vaveling ol the borchole
and 10 prevent loss of drilling fluid 1evel the
surlace of the rock or hard formation at the
bottom of the casing when necessary using the
appropriate bits. Casing may be omiuted if the
borehole will stand open without the casing.

6.1.2 Begin the core drilling using an N-size
double-tube swivel-lype core barrel or odher size
or type approved by the cngineer. Continue core
drilting until core blockage occurs or until the
net length of the core barrel has been drilled in
Remaove the core bariel from the hole and disas-
semble 11 as necessary to remaove the cote Reas-

scmble the core barrel and return 1t 10 the hole
Resume conng.
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6 1.3 Place the recovered coie in the core box
with the upper (surface) end of the core at the
upper-eft corner of the core box as descnibed 10
5.1, Contnue boxing cote with e2ppropnate
marhings, spacers, and blocks as descrnibed in 5.1
Wirap soft or fnable cores or those which change
matenially upon drying in plastic film or seal in
wax. o1 both, when such ticatment is required by
the engineer. Use spacer blocks or stugs properly
marked 1o indicate any noticeable gap in re-
covered core which might indicate a change or
vord in the formation. Fit hiacture, bedded, or
jointed picces of core together as they naturally
occuried

6.1.4 Stop the core didling when solt male-
tiads are encountered that produce less than 50 %
revovery. I necessaty, secure samples o soft
matenals 1 accordance with the procedures de-
sciibed in Method D 1586, Practice 1D 1587, or
Piactice 1 3550, o1 by any other method accept-
able to the geologist or engineer. Resume dia-
mond core dnlling when refusal matenals as
described tn 6.1 are again encountered.

6 2 Subsurface structure, including the dip of
strata, the occurrence of seams, fissures, cavities,
and broken areas are w.nong the most impornant
iems 1o be detected and described. Take special
care 10 oblain and record information about
these leatures. If conditions prevent the contin-
ued advance of the core drilling, the hole should
be cemented and rednlled, or reamed and cased,
or cased and advanced with the next smaller-size
core barrel, as tequired by the geologist or engi-

neer

6.3 Duiling mud or grouting techmiques must
tw: approved by the geologist or engineer prior 1o
their use 1in the borehole.

6.4 Compatbility of Equipment

6.4 | Whenever possible, core barrels and dnll
1ods should be selected from the same letter-size
designation to ensure maximum efliciency. See
[ables 1 and 3

6.4.2 Never use a combuvation of pump, dnll
rod, and core barrel that yields a clear-water up-
hole velocity of less than 120 fti/nun.

6.4.3 Never use a combination of air com-
pressor, dridl sud, and core barrel that yields a
clear-r up-hole veloaity of less than 3000 fi/
nmin

7. Bormg Log

71 The bonng log shall include the following

701 Project wdenulication, boring number,
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locaton, date bonng began, date boring com-
pleted, and dnller’s nume

7.1.2 Elevation of the ground surface

7.1.3 Blevanon ol or depth 1o ground waler
and raising or lowenng of level including the
dates and the times measured.

7.1.4 Elevations or depths at which dnlling
fluid return was lost.

7.1.5 Size, type, and design of core barrel used
Size, type, and set of core bit and reaming shell
used. Size, type, and length of all casing used.
Desciiption of any movements of the casing.

7 1.6 Length of cach core run and the length
ui percentage. or both, of the core recovered.

7.0.7 Geologist's or engineer’s descniption of
the formation recovered in each run.

7.1.8 Driller's desciiption, if no cengineer o
geologist is present, of the formation recovered
in each run

7.1.9 Subsutface structure description, includ-
ing dip of strata and jointing, cavities, lissures,
and any other observations made by the geologist
or engineer that could yield information regard-
ing the formation

7.1.10 Depth, thickness, and apparent nature
of the filling of each cavity or soft scam encoun-
tered, including opinions gained from the feel or
appearance of the inside of the inner tube whea
core is lost. Record opimons as such.

7.1.11 Any change in the character of the
dnliing Nuid or dalling lud return.

7.1.42 Tidal and current informaton when
the borehole is sufticiently close 1o a body of
waler to be affected.

7.1.13 Datling time in minutes per foot and
bit pressure in pound-lorce per square inch gage
when apphicable.

7.1.14 Notatons of character of dnlhing, tha
1s, solt, slow, casy, smooth, elc.

8. Precision and Accuracy

8.1 This practice does not produce numenca
data; therelore, a preciston and accuracy stale-
ment is not applicable.

Noie 2 Inclusion of the following tables and ux
ol letter symbols 1n the furegoing text 1s not intended
to himit the practice to use of DCDMA tools. The tabk
and text refesences are included as a convenience b
the user sinee the vast majonty of tools 1n use do med
DCDMA dimensional standards. Simlar equipment o
approssimately equal size on the metnic standard sysiem
1sacceplable unless otherwise stipulated by the enginea
or geologist (

Size Designa

ton
. B n
Rw 1134
Ew 1 %)
AW 228
BW 288
NW 150
HW 450
I.’W 550
Sw 6613
Uuw 761
Fa g 863
Size Designa- ameler
tion
B , n
RW [t} i
rw 138
AW tn
BW 213
Nw 263
HwW 350

The Ametican Sicuety for Festing and Materialy wahes no
siuh any tem mentioned in thes siundard [y
paent rights. and the risk of infringement of

Lhis standurd o subyect 10 rovevton gl any time by the responyibie
yonoh revised euher reapproved or withdrawn Your wmnﬁa’nls "
sandurds and should be addressed 10 ASTM Headquariers Y, s
responsible 1echncal s ommuttee. whi feel th
make pour views known (o the AS I'M

Qutside nuf.}z

Size Designation

RW I
EwWTl
EWG, EWM
AW]

AWG AWM
BWT

BWG, BWM
NWT

NW(G, NwM
2% x 3%
1w

HW(.

4 x 5

6 x 1%

ter

mm
365
a6 0
571
130
B89
114}
1197
168 2
1916
2190

b o2ns

LABLE

n
1e
147
147
| 88
88
235
218
297
297
384
3y
389
544
7 66

tnside Drameicr

n

L1y

t50
191
238
oo
400
S00
600
700
800

Cure Bit Sizes

mm
295
3713
313
476
476
95
595
753
753
975
98 8
98 8
1380
194 4

] LABLE 2 ( nsing Sizes

mimn
300
81
484
603
762

101 6
1270

524

1778
203.2

TABLE 3 Drill Rods

Rod and Coupling ()ul—s;‘dc_ l)l:

m mm
[VRY5} 187
0905 229
0 845 214
1281 s
1 18% 00
1750 48
b 65S 420
23} 587
2158 547
269 683
g7 809
1000 762
397 100 8
597 i516

I hreads per in Wil i Hole Dilied wih

L R X Y YA

Rod Inside Diamcier

mm
152
254
349

mm B mn -
217 012
349 1.00
436 i34
519 175
066 225
889 106

h you may attend If you feel th
Commitiee on Standurds, 191

Posidi

sers of this standurd are ex
such rights. are enurely (h

Coupling Bore, 1hreads

Outside Diameter Inside l)umclcilii

Core Bit Size

EWI EWG. EWM
AWT AWG AWM
BWI, BWG, BWM
NWT, NW(, NwM
HWI, HWG

4 x5

6% %

6 1%

mm

perin
(V] 4
i 3
158 3
190 ]
M9 3
603 3

on respecting the validiy of uny patent tghts avserted in conneciion

pressly advised that determination of the valid
it
eir own responsibility daday

techaial commutice and muvi be reviewed every five yedary amd
tnvided ewher for revision of ths standard or for addiional
nments will 1eceive careful convideration al a meeting of the
i your cornents have not received
6 Race St . 1'hiludelphia, Pa 19103

a Jaur hearing you shosld
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Seint Spunye Rubber
1* (25%wm) top and a)l side

/
‘ surfaces; or, 2}* (64 mn)
~. " insulation.

(a) S55-callon (0.21 m) ofl barrels -
with sections of styrofoam insula- . .
tion; welded handles on each side. : ST,
e I0|
e S I
L ” 374" (19 am) Binding Steel

3" (76 mm) foam rubber over base; or
e 1* (25 om) foam rubber and 24" (64 mw)

18 Gauge Galvanized Steel insulation over base.

% 13" (25 mm x 38 mm)

FIG. 3 Shipping Box fer Liner (Short Tube) ar Ring Samples

(b) Same as (a) showing barrel ready

for shipment. Steel lids bolted
on to provide tight seal.

Nott - Two . (51 mum) of foam rubber covers 2 is. of siysofoam at the base. Onc 1o 25 mm) of fosm rubber overiays

the top of the ubes, and the remaining space (o the hid is filled with myrofoam.
FIG. 4 Shippiag Barvel for Thin-Walled Tubes

) 727



I (36 mm)

Noie

¢ pa220

(a) Photo of Open Box For 5" (127 mm) Tubes

‘.4
401 mmi

{483 mm)

b\ 'll‘i)”l;!m)}il&v;m)‘
19

(b) Top View

40" (1016 mm)

37" (940 mm)

—

.
{102 mm)

.‘LL 147 (36 mm)

(c) Front View

-
(102 mm)

R

3
{16 mm)
BNEARNY
rr i
{d) Side View

Top and buttom halves are ideancal

FIG. 2 Styrese Shipping (oataines for 3-in. (76-mm) Thin- V' dbed fubes

724

hn
12

Description of liem
Plywood, 4 R by 8 A by % 1n
(1220 amn by 2440 mm by
191 mm) exicnor, Grade AC
Himge, strap, 4 1. (102 mm),
htevy duty with screws
Hazp, hinged, 4% in. (1 14 mm),
with screws
Screw, Wood, Sieel, Flathead,
No. 10 by 1% in. (44.5 mm)
Bolt, Machine, % in. (935 mm),
with aut Lo secure hasps
Washer, iat, % 18 (9.5 mm)
Epe Bok. % by 2 1. (6.4 mm by
3| mm), zinc- , with nut
Washer, flat, ¥ in_ (6.4 mm), foc
hasp bolt
5 Heoks, 2 12 (5! am), open,

uac-plated
Clamp, adjusisbic, hose, socl,
wonm saew adjustment
Spring, capassion
Adbesive, woodworking

¢ opa220

O PHOTOGRAPH OF OFEN BOX

BILL OF MATVRIALS

Quaatity
| Shoet

4 Each
3 Each
72 Each
3 Each

3 Each
8 Each

8 Each

8 Each

liem
No.
13

1}

Descriptioa of liem
Rope, ayloa, Win (1.7 mm) SA
diameter, solid bearded (1524 mm)
Cushioning Maserial, c1panded on’

polystyrene foam 028 m"
NoTtas—(s) All woodes componcats caa be sawed
(b) This shipping box wili daic ap-

prouimately three 3-is (76-mm) diame
ter tubos or two § in (1 27-mm) diamoter
tubes up 0 30 in (762 mm) i length
For loager tubes the inside of the
box must be a miaimum of §-im (152
mm) groaler than the loagih of the tube
(¢} All joimts 10 be glued and fastoned with

wrews.
(d) Stomal all sides as foliows (See Views B
and C)
UP PROTECT FROM FREEZING

() ARcr suspemding pios as (nd d
above, all void space must be fllled
[ bi lnnd packing !

Quasisty
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1dditional layers of cheese \
clath and warm rubbed wax .
are required to seal
the sample.

g

(():thickness of cheese cloth
is placed against soil, followmy

by an application of warm wax,
F‘7" rubbed by hand.

A. METHOD FOR SEALING HAND-CUT UNDISTURBED SAMPLES

Fi1l space between sealed
sample and box with moist
sawdust packed to support
sample.

B. ENCASE EASILY DISTURBED SAMPLES [N BOX PRIOR TO CUTTING

Box constructed with 1/2"-3/4" ( 13 - 19 mm) exterior plywood.

FIG. ¢ Preparing sad Puchaging a Block Semple

The Amarican Society fer Tmbgdlﬂaﬁbu&anmmm muuy any patent rights asserted s
connecnion wih any uem =~ s dard Users of ihis mendard are ¢ 5 K- ination of the validm

of any such petent rights, and the risk of infringemens of mech rights, mmdymuo-ww&y

nun-kdu-bpamm--ym:’y sible techmical ¢ and wuiss be reviewed every five yooni
and f not revised, euher respproved or withdrewn. nmm.““/nm.jﬂawaﬁrwﬂ
nendards and thouid be addrassed 1o ASTM Hesdg % Youwr will aﬂ sidk o1 & mosving of b
responsibie iochnical commision. which you may attend. |f you feel thas your vived a fair hoaring you shesh
make your views known (o ths ASTM Comumities on Siandards, 1916 Race St., WF‘ 19103
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q ” Designation: D 2113 83

Standard Practice for

DIAMOND CORE DRILLING FOR SITE INVESTIGATION'

This standard 15 sssued wnedes the fived desgpaation 12111 the numbec immeduately {follawing the desgnation andwaces the yeac ol
onginal adoption o1 1 the Case ol revision, the year of tast revisjon A numbet in parentheses indicates the year of 1ast reappros al
A superscript epsion £ indu ates an editonal thange sice the 1ast revision or reapproval

1. Scope

11 s practice desenbes equmpment and
procedures tor damond core dnlhing to secure
core samples of rock and some soils that are too
hard 10 sample by sonl sammphing methods. Lhis
method 1s descnibed 1n the context of obtaming
data for toundanion design and geotechmcal en-
pnecring purposes rather tha  for mineral and
mntng exploration.

1. Applicable Documents

21 ASTAM Standards

D 1586 Method tor Penetrat-on Test and Spht-
Bariel Samphing of Soits?

D ESRT Pracuce for Thin-Walled Tube Sam-
pling of Sotls’

123550 Pracuce for Ring-Lined Barrel Sam-
pling of Sauls?

3. Significance and Use

31 Ties pracuice s used 10 ablain core speci-
mens of supenor quahity that eeflect the mn-situ
conditions of the matenal and structure and
which are suitable for standard physical proper-
ties tests and structural-integnty determination

4. Apparatus

4.1 Dnlling Machine, capable of providing ro-
ation, feed, and retraction by hydraulic or me-
chanical means to the dnll rods.

4.2 Fluid Pump or Arr Compressor. capabie
of dehivering sufficient volume and pressure for
the diamcter and depth of hole to be drlled.

43 Core barrels as required:

4 3.1 Swngle Tube I'epe, WG Design, consist-
ing of a hollow steel tube, with a head at one end
threaded for dnll rod. and a threaded connection
for a reaming shelt and core it al the other end
A cote lfter, or retane focated sathen the core

(

it is normal, but may be omitted at the discre-
ton of the geologist or engineer.

4.3.2 Double tube, Swivel- Dype, WG De
sert - Anassembly of two concentue steel tubes
jotned and supported at the upper end by means
of a ball or rolici-beaning swivel arranged 1o
permit rotation of the outer tube without causing
rotation of the inner tube. The upper end of the
outer tube, or removable head, is threaded tor
dnll rod. A threaded connection is provided on
the lower end of the outer tube for a reaming
shetl and core it A core hifter Yocated within the
core bit 1s normal but may be omitted at the
discretion of the geologist or engineer.

4.3.3 Double-Tube. Swivel-Type, W Design,
15 essentially the same as the double tube, swivel-
type, WG design, except that the W design has
thinner tube walls, a reduced annular area be-
tween the tubes, and takes a larger core from the
same diameter boie hole. The core hifteris located
within the core bt

4.3.4 Double Tube, Swivel ype, WAL Desien,
1s similar to the double tube, swavel-type, WG
design, except that the inner tube s threaded at
s lower end to seceive a core hifter case that
effectively extends the inner tube well into the
core bit, thus mmmimizing exposure of the core 1o
the drilling (luid. A core hfter is contained within
the core lifier case on the inner tube.

4.3.5 Double lube Swivel Type, Large-Ih-
ameter Design, as similar 10 the double tube,
swivel-type, WM design, with the addition of a

' Fhis practice is under the junsdicion of ASTM Commitiee
D18 on Sol and Rock and s the durect responsibihity of
Subcommittec D18 02 on Samphing and Related Field Testing
for Sonl Investigations

Current ehition approved June 24 198 Y Published August
981 Ongumally published as 12 2113 62 1 L ast previous av-
ton D 2113 - 70(1976)

T Ananal Book of 4STAS Standardy Vol 04 08




qm}) o.ugm .D 1785 - 88

Standard Specification for

POLY(VINYL CHLORIDE) (PVC) PLASTIC PIPE, SCHEDULES

40, 80, AND 120'

Thus standard 13 15sued under the fixed designation D 1785; the : smber immediately following the dengnation indicaies the yeas of
onginal adopuioa or, 10 the case of revision, the year of last revu.on. A aumber is parenthesss 1ndicaies the year of last reapproval.
A supercnipt epsalon (¢) indicates an editonal change siace the last revision or reapproval.

Tus specificalion has been approved for use by agewcies of the Deparimeni of Defense and for lisiing in the DoD Index of

Specifications and

1. Scope

1.1 This specification covers poly(vinyl chio-
nde) (PVC) pipe made in Schedule 40, 80, and
120 sizes and pressure-rated for water (see Ap-
pendix). Included are critena for classifying PYC
plastic pipe matenials and PVC plastic pipe, a
system of nomenclature for PVC plastic pipe,
and requirements and test methods for materials,
workmanship, dimensions, sustained pressure,
burst pressure, flattening, and extrusion quality.
Mcthods of marking are also given.

1.2 The values stated in inch-pound units are
10 be regarded as the standard. The values given
in parentheses are for information only.

1.3 The following precautionary caveat per-
tains only to the test method portion, Section 7,
of this specification. This standard may involve
hazardous materials. operations, and equipment.
This standard does not purpont 10 address all of
the safety problems associated with its use. It is
the responsibility of the user of this standard to
establish appropriate sqfety and health practices
and determine the applicability of regulatory limi-
tations prior to use. A specific precautionary
statement is given in Note 6.

Note | —CPVC plastic pipes, Schedules 40 and 80,
which were formerly included in this standard, are now
covered by ¢ peciﬁcllioq F 441, Chiocinated Poly(Vin)vl
Chionde) (C PYC) Plastic Pipe, Schedules 40 and 80.

NoTE 2—The sustained and burst pressure test re-
quirements, and the pressure ralings in the Appendix,
are calculated from stress values obtained from tests
made on pipe 4 in. (100 mm) and smaller. However,
s conducted on pipe as large as 24 in. (600 mm)
diameter have shown these stress values 10 be valid for
larger diameter PVC pipe.

Note 3—PVC pipe made 10 this specification is

oflen belled for use as line pipe. For details of the
solvent cement belled pipe, see Specification D 2672
and for details of belled elastomeric joints, see Specifi-
cations D 3139 and D 3212.

2. Referenced Documents

2.1 ASTM Standards:

D618 Methods of Conditioning Plastics and
Electrical Insulating Materials for Testing®

D 1598 Test Method for Time-To-Failure of
Ph:lic Pipe Under Constant Internal Pres-
su

D 1599 Test Method for Short-Time Hy-
draulic Failure Pressure of Plastic Pipe, Tub-
ing, and Fittings’

D 1600 Abbreviations of Terms Relating to
Plastics*

D 1784 Specification for Rigid Poly(Vinyl
Chloride) (PVC) Compounds and Chilori-
nated Poly(Vinyl Chloride) (CPVC) Com-
pounds’

D2t22 Mecthod of Determining Dimensions
of Thermoplastic Pipe and Fittings®

D2152 Test Method for Degree of Fusion of
Extruded Poly(Vinyl Chioride) Pipe and
Molding Fittings by Acetone Immersion?

D 2672 Specification for Solvent Cement Joint
Sockets on Belled PVC Pressure Pipe?

' This specification is under the junisduction of ASTM Com-
mitice F-17 o Plastic Piping Sysiems and is the direct respos-
sbility of Subcommitioe F17.25 oa Viayl Based Pipe.

Curvent edition approved Oct. 31, 1966. Published December
1986. Origiaally published as D 1785 - 60. Last previous edition
D 1785 - B)%,

} Annual Book of ASTM Siandards, Vol 08.04.

! Annual Book of ASTM Siandards, Vol 08.01.

* Annual Book of ASTM Siandards, Vols 08.01 and 08.04.

* Annual Book of ASTM Siandards, Vols 08.02 and 08 04




@

132837 Method for Onstaiming Hydrostatic De-
sign Basis for Thermoplastic Pipe Matenals®

D 3139 Speaificavon for Joims for Plastic Pres
sure Pipes Using Hlexable Elastomenc Sealy?

133212 Speaif cation for Jants for Drain and
Sewer Plasic Pipes Using Flexible Flasto-
menc Seal

b 412 Definions o Feams Relating 1o Plastic
Piping Systems’

22 Federal Stundurd ®

Fed Std. No 123 Marking tor Shipment (Civil
Agencics)

23 Miduary Stundard ®

MIL-STD-129 Marking for Shipment and
Storage

3. Terminology

3.0 Defimitions

3 11 General— Defimitions are 1n accordance
with Definitions F 412 and abbreviations are in
accordance with Abbreviations D 1600, unless
otherwise ndicated  The abbreviation  for
poly(vinyl chlon.:e) plastic is PVC

32 Desriptions of Terms Specific 1o This
Standard

3 Ll hvdrostatic design siress —the estimated
maximum tenstle stress in the wall of the pipe in
the arcumferential orentation due to internal
hydrostatic water pressure thal can be applied
continuously with a high degree of certainty that
failure of the pipe will not occur.

3.1 2 pressure rating (PR)—the estimated
maximum pressure that water 1n the pipe can
exert continuously with a high degree of certainty
that fatlure of the pipe will not occur.

303 relation between  dimensions.  deygn
strevs. and pressure rating- -the following expres-
ston, commonly known as the 180 equation,” is
used n this speafication 1o relate dimensions,
hydrustatic design stress, and pressure raung;

2578 < (Do)}
wheie
$ = hydrostatic design stiess, psi (or MPa),
P = pressure raung, psi (or MPa),
Dy = average outside diameter, in
and
nunimal wall thickness, 1n {or mm)

344 standard thermoplasiie pipe materials
designation code- - the pipe imatenals designation
vode shall consist of the abbreviation PVC for
the type of plastic, followed by the ASTM type

(or mm),

D 1785

and grade i Arabic numerals and the design
stress 10 units of 100 psi (0.7 MPa) with any
decimal figures dropped. When the design siresg
code contains, iess than two figures, a cipher shajj
be used before the number Thus a complete
matenal code shall consist of three letters ang
four figures for PYC plastic pipe matenals (see
Section 5).

5. Materials aod Manufacturer

5 | General—Poly(vinyl  chlonde) plasticy
used 10 make pipe meeting the requirements of
this specification are calegonzed by means of twg
cnitena, namely, (/) short-term strength tests and
(2) long-term strength tests.

NoTE 4—PVC pipe that 15 1nlended for use in the
transport of potable water should be evaluated for this
purpose by & laboratory recognized by the public health
profession and by the regulatory bouies having junisdic-
tion. Many public health authonties recognize National
Saniuation Foundation Standard No. 14 for Plastic
Plptn. Syutm Components and Related Matenials, as

dand 10 ¢ matenials for polable
walcr service. The scal or mark of the laboratory mak-
ing the cvaluatiun should be included in the marking
on pipe that is intended for the transport of potable
water. A laboratory that makes cvaluations of pipe for
transpont of potable water 15 the National Sanitation
Foundation Testing Laboralones, Inc., NSF Bidg., Ann
Arbor, Ml 48106. Names of other recognized labora-
tones will be added when ihey are brought to the
attenuion of ASTM,

5.2 Basic Materials—This specification cov-
ers ppe made from PVC plastics having certain
physical and chemical propenties as described in
Specification D 1784,

5.3 Compound—The PVC compounds used
for this pipe shall equal or exceed the following
classes descuibed 1a Specification D 1784; PVC
12454-B, 12454-C, or 14333-D.

5.4 Rework Muterial—Clean, rework mate-
nal of the same type and grade (cell classifica-
tion), generated from the manufacturer's own
pipe production, may be used by the same man-
ulacturer, as long as the pipe produced meets all
the requirements of this specification.

6. Requirements

6.1 Dimensiony and Tolerances

* Available fiom Naval Publications and ¢ orms Center, 801
hhur Ave . Philadeiphia, PA 19120

TISO RI161 1960 Pypes of Plasis Matesialy fo1 the frans
pottof Fluds ¢ vade Drameters and Nomanal Pressures) Pan
1o Metne Ser

@

6.1 1 Iimensions and tolerances shall be as
shown i Tables | and 2 when measured in
accordance with Method 1) 2122 The tolerances
for out-of-roundness shall apply only to pipe
pnor 1o shipment.

6.2 Sustained Pressure—the pipe shall not
fasl, balloon, burst, or weep as defined in Test
Mecthod D 1598, at the test pressures given in
Tables 3, 4, or 5 when tested 1n accordance with
84.

6.2 1 Accelerated Regression Test— At the op-
tion of the manufacturer, an acceleraled regres-
sion lest may be substituted for the sustained
pressure lest. The test shall be conducted in
accordance with 8.4.1. The pipe shall demon-
strate @ hydrostatic design basis projection at the
100 000 h intercept that meets the hydrostatic
design basis category requirement (see Table |
asnd Mcthod D 2837) for the PVC material used
in its manuiacture. {(Example. PVC 1120 pipe
must have a mimmum 100 000 h projection of
3830 psi (26.40 MPa) and 85 % lower confidence
timit (LCL).

6.3 Burst Pressure—The minimum  burst
pressures for PVC plastic pipe shalt be as given
in Table 6, when determined in accordance with
Test Methed D 1599.

6.4 Flattening—There shall be no evidence of
sphitting, cracking, or breaking when the pipe is
tested in accordance with 8.5.

6.5 Exirusion Quality—The pipe shall not
flake or disinlegrate when tested 1n accordance
with Test Mcthod D 2152.

7. Workmanship, Finish, and Appearance

7.1 The pipe shall be homogencous through-
out and free of vistble ciacks, holes, fureign in-
clusions, or other defects. The pipe shall be as
umiform as commercially practicable in color,
opacity, density, and other physical properties

Noit 5—Color and transparency or opactly should
be specified in the contract or purchase order

8. Test Methods

8.1 Conditiomng—Condition the test spect-
mens at 734 £ 36°F (23 £ 2°Cyand 50 £ 5 %
telative humidily for not less than 40 h pnor to
testan accordance with Procedure A of Methods
D618, for those tests where conditioning s re-
quired

| S FRYAN oy
Standard i .nho.‘

Conduct tests an the
Atmosphercot 714 ¢ 16°F

D 1785

123+ 2°Cyand 50 £ S % retanve humidity, unless
otherwise specified in the test methods o1 in thas
specification.

8 3 Sampling— The selection of the sample o
samples of pipe shall be as agreed upon by the
purchaser and seller. In case of no pnor agree-
ment, any sample sclocted by the testing labora-
tory shall be deemed adequate.

8 3.1 Test Specimens—Not less than SO % of
the test specimens required for any pressure lest
shall have at lcast a part of the marking in their
central sections. The central section 1s that por-
tion of pipe which is at least one pipe diameter
away from an end closure.

8.4 Susiained Pressure Test—Sclect the test
specimens at random. Test individually with wa-
ter at the internal pressures given in Tables 3, 4,
and 5, six specimens of pipe, each specimen at
least ten times the nominal diameter in length,
but not less than 10 in. (250 mm) or more than
3/ (1 m) between end closures and beanng the
permanent marking on the pipe. Maintain the
specimens at the pressure indicated for a penod
of 1000 h. Hold the pressure as closely as possible,
but within £10 psi (70 kPa). Condition the
specimens at the test temperature of 73 4°F
(23°C) to within 3.6°F (£ 2°C). Test in accondance
with Test Method D 1598, except maintain the
pressure at the values given in Tables 3, 4, or 5
for 1000 h Failure of one of the six specimens
tested is cause for retest of six additional speci-
mens. Faiture of one of the six specimens tested
in retest shall constitute failure in the test. Evi-
dence of fail ire of the pipe shall be as defined in
Test Method D 1598.

8.4.1 Accelerated Regression Test - Test n
accordance with procedures in Test Method
[ 1598, except that restrained-end fitings may
be employed. A minimum of six samples will be
tested at pressures selecled 10 yield data points as
follows:

G010 1o 0099 h (16 s 10 6 mun)
010100999 h (b minito i h)
100 w999 h

1001099999 h

100 10 100+ h
0 10 100+ h (random point)

Additional paints may be added f necessary to
improve projection or LCL, or both. No points
shall be excluded unless an obvious defect 18
detected 1n the failure arca of the test sample
Charactenze the results using the least squaics
extrapolation descnbed in Method D 283/




NoOTE 6 —Cawtion: Since rupture of the 1est speaimen
13 eapected in quick burst and high stress regreassion
tesung, well shiclded 1est equipment and protective
personal equipment should be used when conducting
the tests.

8.5 Burst Pressure—Determunce the minimum
burst pressure with al least five specimens in
accordance with Test Mcthod D 1599. The time
of testing of each specimen shall be between 60
and 70 s.

8.6 Flattening—Flalten three specimens of
the pipe, 2 in. (50 mm) long, between paraliel
plates in a suitable press until the distance be-
tween the plates is 40 % of the outside diameter
of the pipe or the walls of the pipe touch, which-
ever occurs first. The rate of loading shall be
uniform and such that the compression is com-
pleted withia 2 to 5 min. On removal of the load
examine the specimens for evidence of splitting,
cracking, or breaking.

9. Retest and Rejection

9.1 If any failure occurs, the matenals may be
retested to establish conformity in accordance
with agreement between the purchaser and the
seller.

10. Certification

10.1 The scal of the National Sanitation
Foundation Testing Laboratory, Inc. indicates
that the product is tested under the NSF certifi-
cation program.

10.2 Cenification and labeling, by other in-
dependent laboratonies, may be accepted if ap-
proved by the code authonity having junsdiction.

11. Product Marking

11.1 Quality of Marking—The marking shall
be applied to the pipe in such a manner that it
remains legibic (casily read) afier installation and
inspection.
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11.2 Content of Murking

11.2.} Marking on the pipe shall include the
following, spaced at intervals of not more than §
(1.5 m)

11.2 1.1 Nomunal pipe size (for example, 2 in.
(50 mm)),

11.2.1.2 Type of plastic pipe matenal in ac.
cordance with the designation code prescnibed in
4.5, for example, PVCI1120,

11.2.1.3 Schedule (40, 80, or 120, whichever
is applicabic) and the pressure rating in pounds
per square inch (megapascals) for water at 73°F
{23°C) shown as the number followed by psi (for
cxample, 200 psi (1.4 MPa)). When the indicated
pressure rating is lower than that calculated 19
accordance with 3.4 (see Appendin), this shall be
indicated by placing a siar afier the pressure
nating,

11.2.1.4 ASTM designation D 1785, with
which the pipe complies,

11.2.1.5 Manufacturer's name (or trademark)
and code (see Note 3), and

11.2.1.6 Pipc intended for the (ransport of
potable water shall also include the seal or mark
of the laboratory making the evaluation for this
purpose, spaced at intervals specified by the lab-
oratory.

Noit 7—Manufacturers using the scal or mark of &
laboratory must obtain prior authonzation from the
laboratory concerned.

Note 8—H s common practice 10 dual mark Sched-

ule 40 piping for potable water and DWV usage in
which comptiance with each applicable standard is met.

12. Quality Assurance

12.1 Quality Assurance—When the product
is marked with this designation “ASTM D 785",
the manufacturer affirms that this product was
inspected, sampled, and tested in accordance
with this specification and has been found 10
meet the requirements of this specification.

GOVERNMENT/MILITARY PROCUREMENT

These requirements apply only 10 Federal/Military procurement, not domestic

sales of transfers.

S1. Responsibility  for  Inspection--Unless
otherwise specified in the contract or purchase
order, the producer is responsible for the per-
formance of all inspection and test requirements

specified herein. The producer may use his own
or any other suitable facilities for the perform-
ance of the inspection and test requirements
specified herein, unless the purchaser disap-

@

proves. The purchaser shall have the nght to
perform any of the inspections and tests set forth
in this specification where such inspections are
deemed necessary lo ensure that matenal con-
forgs to prescribed requirements.

- Nowt S1-—In U.S. Federal contracts, the contractor
1s respoasible (or inspection.

S2. Packaging and Marking for U S Govern-
ment Procurement:

S2. 1 Puckaging—Unless otherwise specified
n the contract, the matenals shall be packaged
in accordance with the supplier’s standard prac-

TABLE 1 Owtside Diameters and Tolerances for PV( Plastic Pipe Schedeales 40, 38, and 120, la. (mm)
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tice 10 4 manner ensunng armval at destination
in satisfactory condition and which will be ac-
ceptable to the carnier at lowest rates. Containers
and packing shall comply with Uniform Freight
Classification rules or MNational Motor Freight
Classification rules.

S$2.2 Marking—Marking for shipment shali
be in accordance with Fed. Sid. No. 123 for
military agencies.

Noit $2—The inclusion of U S Governmeat pro-
curement requirements should not be consirued as an

indication that the U S Government uses or endones
the producis described in this document.

Nominal Pipe Siuze Outssde Drameter

Tolcrances

For m:-:num .}-a Minimum Drameter (Out-of
Roundncs)

Average Schedude 40 sizes 340 s::::': ‘os 'um’“kl;z

and over; Schedule 80 sizes 6 0. and ke,

e bio andover oy dule 120 sies all
% 0.405 (10 29) +0.004 (20 10) 0008 (20 20}
% 0340¢1372) 20004 (20 10} 20 008 {20 20)
" 0675(17.14) +0 004 (20 10} 10 008 (20 20)
L] 0840 (21.34) 10 004 (10 10) 10 008 (10 20)
% 1.030(26.67) 10.004 (£0 10} 10010(202%)
1 1315 (33.40) 20.00% (£0.13) 10010 (10 23)
1Y 1.660 (42 16) 30005 (£0 13) 20012 (£0 )0)
1% 1 900 (48.26) $0.006 (10 15) 10012 (10 Y0)
2 2.375 (60.32) 20006 (£0.13) 10012 (10 30}
2% 2875(1302) 10,007 (£0 18) +0.015 (10 38)
k] 3.500 (88.90) 10.008 (10.20) . 20015 (10 38)
A 4 000 (101.60) 10 008 (10 20) 10050 (x127) +0015{20389)
4 4.500 (114.30) 10.009 (10.2)) 0030 (t127) 10015 (20 38)
b 5.563 (141 30) 10010 (10 23) 20050 (11.27) 1+0.030 (10 76)
6 6625 (164.28) 20011 (£028) $0.0%0 (£1.27) 10035 (10 39)
| 8.625(219.08) 20.015 (120 38) 20075 (1) 90) 10045 (21 14)
10 10.750 (273.0%) 10.015 (10 38) 20073 (11 90) 10050 (t127)
12 12.750 (323 85) 10015 (20 38) 20075 (21.90) 10060 (21 52)




Noaunal
Proe ot Schedule 40
Minimum Tokerame

w U068 (1 7)) +0020(+051)
% G088 (2 2¢) +0.020 (+0 31}
" 0091 (231) +0 020 (+0.5t)
" 0109 (27ThH +0020(+0 54)
% 0113(28N +0020(+051)
| 013303 38) +0.020 (+0 $1)
1% 0140 (3 36) +0.020 (+0 51)
1% 0.143 (3 68) +0.020 (+0.31)
2 0134 (391 +0 020 (+0.51)
M 0203 (5.16) 10024 (40 61)
3 02165 49) +0.026 (+0 66)
3h 022613 14) +0.027 (+0 68)
4 02)71(602) +0028 (+0 11)
5 0258 (6 5%) +0.031 (+0.79)
[ 0280¢711) +0 034 (+0 86)
8 0322 (8 18) +0019 (+0.99)
1 0363¢9:M +H0 044 (+112)
12 0.406 (10 31) +H 049 (+1 24)

“ The minunum is the iowest wall thickness of the pipe a1 any cross soctson The m;n
cross secton. is the minimum wall thickness plus the stated tolerance. All tolerances are on the plus sde of the mnmum

royuirement

* These dimensions conform 10 nominal IPS dimensions, with the exccption that Schedule 120 wail thkness for pipe sizes ¥ 1o

& o17ss

Wall Thukness*
Schadube 80
Minimum Tulerance
0095 (241) +0 020 (+0 5))
01%(102) 10020 (+0 51)
0126 () 20) +0 020 (+0 51)
0147(3 13) +0 020 {+0 51)
0154 (391) +0020(+051)
0179(433) +0021 (+03Y)
0191 (48%) +0023 (+0 38)
0 200 (3 08) +0 024 (+0 61)
0 218¢(3 34) +0.026 (+0 66)
0276 (101) +0013(+0 84)
0300 (762) +0.03 (+0 91)
018 (808) +0.038 ( +0 96)
0337 (8 56) +0040 (+102)
0373(952) +0.045(+1 14)
0432(1097)  +0052(+132)
0500 (12 10) +0060 (+1 52)
0393(1506) +0071(+1 80)
0687(17.45) +0 082 (+2 08)

TABIE 2 Wall Thicknevers and Toleraaces for PV( Plastic Pipe, Schedubes 40, 98, and 1202 ia. (mam)

Scheduie 120
Mimmum Tolerance
01704 32) +0020(+0 51y
0170 (432 +0 020 (+0 51)
0 200 (3 08) +0 024 (40 61)
0215 (5 46) +0026 (+0 66)
0225¢(3 7 +0027 (+0 68)
0250 (6 3%) +0 030 (+0 16)
0300 (762) +0036 (+0 9}y
0350 (3 89) +0042 (+107)
0350 (389) +0042 (+1 07)
0437 (11.10) +0052(+1 3
0300(1270) +0060 (+1 52)
0562(14.27) +0067{+1 70)
07i8(18.24) 10086 (+2.18)

084321 41)
1 000 (25 40)

40.10) (+2.56)
+0 120 (+3 05)

P (12910 87 5 mm), inclusive, are special PYC plastiic pipe suzes.

mum permitiod wall thickness, al ln;

1ABLE

3 Sustaincd Pressure Test Condithons for Water st
73°F (13%) far PY( Plastic Pipe, Sched

Pressure Required for Tear!

wie 40

€ ores

Nominal Pyl 20 Nominal - py(y120
ApeSHE PVCI2200 PYC2IE6 PVC2IR2 PVCIIY Pipe Sue  pyci220
PV(2120 PV(C2120
n [l wn
I 1690 1300 130 930 A 250
Ve 1640 13i0 1090 900 Ye 2110
w [R1{1] 1050 870 720 A 1930
w 12% 1000 840 690 " 1780
Ve 1010 810 680 550 Ya 1440
| 950 760 630 520 1 1320
e 170 620 320 420 1¥a 1090
1" 690 360 460 380 I'A 990
? 580 470 390 320 b4 830
A 640 510 430 350 A 90
3 390 440 310 300 3 190
1A 500 400 30 280 3n 130
4 470 370 310 260 4 680
5 410 3% 270 220 bl 610
6 3710 W0 2% 200 [ 590
] 10 260 20 180 [ ] 520
10 W0 40 200 160 [ 490
12 280 220 180 150 12 450
" MPa n
A 1163 938 179 641 ‘A 1772
Ya (1]} 903 1.52 621 Ya 16 34
L) 90} 724 6.00 496 % (BRI
] 862 689 5719 476 ‘A 17n
Ye 6 9% 558 469 3719 Vs 993
| 653 524 434 159 1 910
1 53 427 39 290 1 152
" 476 386 NN 262 1'A 683
2 400 124 269 22 2 S 86
24 44) 32 296 241 24 614
3 407 303 258 07 3 S 43
3n 345 27 234 193 s 503
4 kL] 253 214 1719 4 469
b 283 228 186 152 ) 421
6 2% 207 172 138 6 407
8 228 179 152 124 8 3159
1 207 163 Vg 1o 1 118
12 19} 152 24 10} 12 n
“ The fiber stresses used to denve these test pressures are as
lullows. follows:
pss MPa
PYOIIIO 4200 20 PVCII20
PYL1220 4200 290 PV(1220
PVC2120 4200 230 PVC2120
PVO2116 10 2312 PVC2Il6
PVCIN 2800 191 PVC112
PVC2110 2300 159 PVC2110

TABLE 4 Sestsined Pressare Test (onditions for Water at
73°F (23°C) bar PVC Plastic Pipe, Schedule B8

Pressure Required for §est?

PYC21e PV
pu
2060 17220
1900 1580
1540 1290
1430 1190
1160 960
1060 880
0o 730
190 660
680 20
710 590
630 520
80 480
540 430
490 400
420 390
410 340
390 3%
380 N
MPs
1423 I 86
1310 1090
10 62 389
986 820
800 6.62
™ 607
6 00 503
496 455
469 393
49 407
4au 359
400 1y
1mn 3o
)38 276
324 269
28 234
269 228
282

22

pu
4200
4200
4200
3360
2800
2300

PYC2N0

1410

4%
430
400
in
1%
0
200
70
260

N
89
™
676
545
496
414
n
1?
338
19
276
259
2128
n
193
186
179

* The fiber stresaes used (o denve these 10t Pprssurcs arc a3

MPa

90
290
290
232
1913
159
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TABLE 5 Sustalesd Pressare Test Conditions for Wates st
T3F (13°0) boe PV Plastic Pipe, Schedule 1 28

Pressure Required for Test!

PVC2116  PYC2112

mo
1300
1200

pa

1420
1080
1000
830
7%
660
650
620
340
400
550
520
310
S0
4%0

979
745
689
.
5
438
448

o1

in
414
3
359
182
152
kN1

PVC2H10

1170
890
830
680

“ The fiber streaecs used 10 derive these st pressures are as

Nominal PVCH120
Pipe Sue  py(y220
PVC2120
mn
" 2130
e 1620
t 1510
tVa 1250
1A (15 1]
2 990
24 980
3 930
N 810
] 900
s 30
[ 70
s 760
10 70
12 710
m.
17 14 69
W 147
1 1041
1V 262
I 1.9
2 6.83
24 6.76
3 641
I 558
4 621
s 512
6 538
s 524
10 (B]]
12 490
follows:
PVCI1120
PVC1220
PYC2120
PVC2IIG
PVC2112
PVC2110

psi
4200
4200
4200
1360
2800
2300

MPa

290
290
290
232
193
159

@ o7es

TABLE ¢ Burst Presswe Roquicements for Water st 73°F (23°C) for PVC Plastic Pipe, Schedales 40, 80, and 120

Nomunal Pape Suze

10
"7

Schedule 40
PVC1120 PVC2112
PVCI220 PVC2116
PY(2120 PVC2110

2580 2020
2490 1930
1990 1560
1910 1490
1540 1210
1440 1130
1180 920
1060 830
390 690
970 760
840 660
70 600
710 560
620 390
560 440
300 390
430 350
420 330
1779 1393
17.47 13.43
[RR2 10.76
13 10.27
10.62 L B
993 119
814 634
3 wn
614 47
669 524
LN, ] 455
bR 1] 4.14
490 306
an 269
BY ) 303
348 269
110 241
290 228

Minimum Burst Pressures’

Schedule 120
PVCII0 PYC2112
PVCI220 PVC2116
PVC2i120 PYC2it0

3250 2540
240 1930
200 1790
1900 1490
17120 1340
1510 1180
1490 1
1420 no
12%0 960
1380 1080
1260 990
1190 930
t160 910
1o 20
1090 50
2241 1752
170} 130
1586 1234
1310 10.27
11 8¢ 924
o4 $14
(L4 107

99 763

848 662

93 743

869 8

120 641

800 617

807 634

732 586

“ The fiber stresses used 10 derive these test pressures are s follows.

PVCL1120
PVC12H0
PVC2120
PVC2i16
PVC2112
PYC2I10

Schedule 80
PVCHI20 PYC2112
PVCI1220 PYC2i16
PVC2120 PVC2i10

_ ..
920 3060
3620 1330
2940 2300
2720 020
2200 1720
2020 1580
1660 1300
1510 1100
1290 1010
1360 1060
1200 940
1o 860
1040 8i0

930 70
90 700
% 620
1% 580
730 by, 1}
MPs
213 21 10
4% 19.592
2027 1586
1876 14.62
1517 11.86
1393 10.89
114 896
o4 814
889 696
938 3
827 648
7.63 $93
kAL 358
64 4%
614 443
5.45 427
517 400
50 39
psi MPa
6400 4“0
6400 4“1
6400 441
3000 M
3000 45
3000 s
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APPENDIX

(Noamandatory laformation)

X1. SOURCE OF HYDROSTATIC DESIGN STRESSES

X1i.1 The hydrostatic design stresses recommended
by the Plastis Pipe [nsutute arc used 10 pressure rale
PV( plastic pipe. These hydrostatic design sircsses arc
2000 pui (14 MPa), 1600 pai (11.2 MPa), 1250 psi (8.7
MPa, and 1000 ps: (7 MPa) for water at 73°F (23°C).
These hydrostatic design stresses apply only 10 pipe
mecting all the requirements of this specification.

X 1.2 Six PVC pipe matenials are included based on
the requirements of Specification D 1784 and the PPI-
recommended hydrosiatic design stresses as follows:

X1.2.0 Type |, Grade | (12454-B), with a hydio-
static deugn stress of 2000 pai (14 MPa), designated as
PVCII20

X1.2.2 Type I, Grade 2 (12454-C), with a hydro-
static design strezs of 2000 psi (14 MPa), designated as
PV(C: 220,

X123 Type Il, Grade 1 (14333-1)), with a hydro-
static deuign stress of 2000 psi (14 MPe), designated as
PVC2120.

X1.2.4 Type L, Geade 1 (14333 1)), with a hydro-
stalk: design stress of 1600 psi (11.2 MPa), designated
as PVC2 16

X1.2.5 Type I, Grade | (14333-1)), wath a hydro-
static desagn stress of 1250 pui (8.7 MPa), designated as
PVC2112

X1.2.6 Type H, Grade | (14333-D), with a hydro-
static design stress of 1000 psa (7.0 MPa), designated as
PV(C2110.

X1.} The standard method for obtaining hydro-

siatic basis for thermoplastic pipe matenals 1s Mcthod
D 2837. Addisonal informauon regarding the method
of test and other cnieria used in developing these hy-
drostatic design siresses may be obtained from the
Plastics Pipe Insuitute, & divisson of The Sociely of the
Plastics Industry, 355 Lexington Ave, New York, NY
10017. These hydrostatic design stresses may not be
suitable for materials that show a wide departure from
a strught-line plot of log stress versus log time to failure
All the data available to dale on PVC pipc matenals
made in the United States exhibit a sirmight-line plot
under these plotting conditions.

X 1.4 The pipe is rated for use with water a1t 73°F
(23°C) a1 the mazximum internal pressures shown in
Tables X1.1, X1.2, and X1.3. Lower pressure ratings
than those calculated in accordance with 3.4 may be
recommended, at the option of the pipe manufacturer,
in which case the SDR shall be included in the marking
Expenence of the industry indicates that PVC plastic
pipe mecting the requirements of this specification gives
satisfactory service under normal conditions for a long
peniod at these pressure raungs. The sustained pressure
requirements are relaled (0 these ratings through the
slopes of the strength-time plots of these matenals in
pipe form.

X 1.5 The hydrostatic design stresses recommended
by the Plastics Pipe Instilute arc bhased on tests made

on pipe ranging in size from A 1o 2% 0. (12.5 to 63.9
mm)

¢h oares

TABLE X1.1 Waler Pressure Ratings at 737 (23°C) fue
Schedule 40 PVC Plastic Pipe

Nominal Loo © 7: k=
Pipe Size aan = = =
ool O O U
zzz & i %
n [+Y]
A 810 650 S0U “n
Yo 180 620 490 B0
A 620 500 190 310
A 600 480 30 300
Ya 480 390 00 240
1 4% 360 280 220
Va 370 290 2% 180
I'A 0 260 210 170
2 280 220 10 140
P 300 240 190 150
3 260 210 160 130
34 240 190 150 120
4 20 180 140 110
b] 190 160 120 100
6 180 140 110 %0
8 160 120 100 80
10 140 110 90 10
12 10 1o 80 ?0
n NiPa (bar)‘
‘A 558 (56) 448 (45) 345 (4 276 (28)
a $38 (54) 427 (43) 338 1) 269 (27)
% 427 (43) 345 (34) 269 ¢ 7y 214421
a 414 (4 333 255 ) 207 2y
Yo 3N (3 269 (27 207 (2H 165 (L6)
1 310 (V1) 248 25) 193 (19) 132 (1%)

1 255 (23) 204 (200 139 (16) 124 (1D)
I'A 228 (23) 179 (18) 145 (14) 117 (1D

2 193 (19) 152(18) 11T (4 097 (9]
1A 207 (21) L6S (16) 131 (13) 103 (i0)
3 179 (28) 145 (14) 140 (1) 090(90)
A 165 (16) 131 (1Y) 103 (10) 083(83)
4 152 (1%) 124 ¢12) 09791 076(76)
b3 V3L 110 (1) 08381 069(69)
6 126 (1) 097(97) 076(16) 062(62)
8 110 (1) 083(83) 069(69) 053(593)
10 097 (97 016(16) 062(61) 048(48)
12 090(90) 076(76) 055(33) 048(48)

 These pressure ratings apply only 10 unthreaded pipe The
industry docs not recommend threading PVC plastc pepe 1a
Schedule 40 dimensions in nominal pipe uzes 6 10 (150 mm)
and smaller.

? See Appendin for cade deugnation

€| bar = 14 504 ps:




@ oies

1ABLE X011 Water Pressure Ratings 81 73°F (23°C) foe Schedule 30 PVC Plastic Pipe

pu
V(112 PVCILL2
h:’;';‘f'm v Pv‘:‘.;”;” 0. PVC2LI6 PVC 2112 PVC2110
Unthreadod  Threadod  Unthread hreaded  Unthreadod  Threaded  Unthreaded  Thread
" 1230 610 980 490 170 380 10 310
" 130 570 900 430 70 350 570 280
" 920 40 30 370 570 290 460 230
» 150 20 680 340 330 260 a0 210
" 690 340 330 280 a0 210 340 170
{ 630 320 500 2% 390 200 320 160
14 320 260 420 210 320 160 260 130
1 47 240 180 190 290 150 240 120
2 0 200 320 160 2% 130 200 100
% 20 210 340 10 260 130 210 10
3 370 190 300 150 230 120 190 %
A 350 170 280 140 120 10 170 %
‘ 120 160 260 10 200 100 160 80
s 290 140 130 120 180 % 140 10
6 280 140 220 110 170 %0 140 10
s 250 120 200 100 10 » 120 60
10 2% 120 190 % 150 2 120 P
12 230 110 180 % 140 20 1o 0
MPs (bar)
Nominal PVC1120, PVCI220, i
P Siee n rvrznomo PVC2116 PVLLII2 PVC2110
i Unihreadod  Threaded  Usthreadod  Threaded  Unihreadod  Thieaded  Unibreaded _ Threaded
" S48 85) 421 (42) 67668 338 (9) 331 (5)) 262 (20) 421 (D) 214 (2)
v 779(80) 393 (39)  621¢62) 3ID(31) 490 (49) 241 (24) 393 (40) 193 (19
" cM6)) 31701 S03(0) 235 (2%) 3931 (9) 200200 DIT (3 199 (i6)
" SB6(59) 290 (29) 469(47) 234 (23) 36s(36) 179 (I1B) 290 (29) 143 (14)
% 6 23 QY 3908 193 (19) 29629 143 (1) 234@) 170D
i 4343 120220 34504  112(1T) 269N LM (3 220 Q) 110 (1)
" 159036 179 (1B 290(29) 145 (1) 220 22) 110} LTI (8 090(90)
™ 124030 165 (t6)  262(26) 131 (13) 20 (200 103 (10) 165 (16) 083 (83)
2 27608 1IBA4 2212 110 () 172(7) 090(90) 138 (1)  069(69)
I 2900290 14515) 23423 11732 119(18)  090(90) 145 (14)  076(76)
3 15528 13133 20021 103 (10) 139 (16)  083(83) 131 (1)) 062(62)
A 1400200 11702 193(19) 09737 152G 076(T6)  117(12)  062(62)
‘ 220020 110G 179318 090(90) 118 (14 069¢69) 110 (1) 033(33)
s 2000200 097(97) 159(16) 083(83) 124 (1) 062(62) 09797 048(4B)
o L9109 097¢97) 152015 076(76) LIT ()  062(62) 097(97) 043(48)
s 17207 08)83)  138(14)  069(69) 103 (10) ©035(55) O8I (83 044D
10 159(16) 08383 1313y  062(62) 103 (10) O04B(43) 08I(83) 041(41)
o 159016)  076(76) 124012) 062(62) 091(97) 048(4B) 07T6(16) 04l (41)

Nominal

pipe Saze, 10

Nom:nal
Pipe Size, in.

@ oass

pu
T pvCii20,PVCI0, V216 PVC2112 PVL2I10
PVC2120 Pven prest 7

Unhreado  Thecaded  Unireaded  Threadod  Unihreaded  Thicaded  Unthreaded  Thresdes

oo S0 810 410 630 320 510 2%
0 390 620 310 80 200 190 190
720 360 570 29 450 20 30 190
600 300 w 200 310 19 300 150
40 270 430 210 340 170 0 130
a0 240 380 190 290 150 240 120
a0 230 30 190 9% 150 230 120
“0 220 360 150 0 140 220 110
180 190 310 150 240 120 190 100
30 220 300 170 70 130 220 10
400 200 320 160 250 120 200 100
10 190 300 150 230 120 190 %0
390 1% 9% 140 2% 110 1% %
0 1% 29 140 230 510 190 %
340 170 m 140 w e ®
T MPa (bar)

N PVCIN. | pvea pyCIn2 PVC2110

B3 as PVC2116 7 v
s Twesded  Unbeaded Thaded  Usibreadod _ Theeadod otk o Tareaded

6.96 (70) 3.52(3%) 5.58 (36) 283 (28) 4.34 (4)) 22 QY 3352039 112an
$.31(33) 2692 4.271(4)) 214 (20) 331033 163 (16) 269(20) 131 (1))
4.96 (30) 248(2%) 319039 200 (20) 310030 152 ¢1%) 248(2%) 124 (1D
414(40) 2.07(21) bRINGX)) 1.63 (16) 2.55(23) 13 ay 2072 103 (10)
L120N 1.86(19) 2.96 (30) 1.45 (14) 2134(2)) [ MRNP}] 1838 090 (90)
124 (32) (X 1) 262(26) 131 (13) 2.00 (20) 103 (10) 1.65 (16) 08383
324 32) 1.59 (16) 2.55(23) 131 (13 200 (20) 1.03 (10) 159 (16) 0838))
303 (30) 1.52(19) 243 (24) 124 (1D 193(19) 097097 152019 076(16)
262(26) [RINER)) 2.14Q21) 1.03 (10) 163 (16) 083(83) Ly 0.69(69)
296 (29) 1.52(19) 234023 117 (12) 1.86(18) 090(90) 15201%) 076(16)
276(27) 138 (14) 2.21422) 1.10 (1) 12an 083(83) 138014) 0069(69)
255(29) 131013 200121 1.0} (10) 159 (16) 08383 13103 06262
262(26) 1.24 (1D 2.00 (20) 097097 159 (16) 076(16) 124012 062(62)
255(29) 1.2432) 200 (20) 09797 159 (16) 076(16) 1.24012) 062(62)
234(2)) LATOD 186018) 097090 145(14) 0.76(1.6) 17T 03359

The Amer:

with any tiem mentioned in this v l
patent rights. and the risk of infringement of such rights, are iy their own resp ality

-an Society for Testing and Malerials iakes no position respecting the validity of any patens righis asserted in connection
. ‘ Users of 1his standard are expressly advised thai determination of the valudity of any such

Yow ¢ s are invited cuher for revision of this standard or for addinonal

)

This standard 1+ subgect (o revision @l any time by the resp ble 1echnical ¢ and must be reviewed every five yeurs and
or withdr

if not revised. etth P

siandards and sho J be addressed 10 ASTM Headq s Your ¢ is will recesve careful comsideration ai a meeting of the
responsible technu«d commuitee. which you may attend If you feel that yowr comments have not recerved a fair hearing you should
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1. Scope

1.1 This method covers the laboratory deter-
mination of the water (moisture) content of
soil, rock, and soil-aggregate muxtures by
weight. For sumplicity, the word “matenal”
bercinafier refers to cither soil, rock, or soil-
aggregate mixtures, whichever is most applica-
ble.

1.2 The water content of a malenal s de-
fined as the ratio, expressed as a percentage, of
the mass of “pore” of “frec” water in a given
mass of matenal to the mass of the solid ma-
wnal particles.

1.3 This method does not give lrue repre-
scntative results for: matenals containing sig-
aificant amounts of halloysite, montmorillon-
ite, or gypsum munerals; highly organic sous;
or, matenals in which the pore water contains
dissolved solids (such as salt in the case of
marine deposits). For a matenal of the previ-
ously mentioned types, a modified method of
testing or data calculauon may be established
to give results consistent with the purpose of
the test

1 Summary of Method

2.1 The pracucal applicauon in determining
the water content of a maternial is 10 determine
the mass of water removed by drying the moist
matenal (lest specimen) 10 a constant mass in
a drying oven controlled at 110 t 5°C and to
use this value as the mass of water in the test
specimen. The mass of material remaining after
oven-drying 15 used as the mass of the solid
parucles.

355

3. Significance and Use

3.1 For many soil types, the water content is
one of the most significant index properties
used in establishing a correlation between soil
behavior and an index property.

3.2 The water content of a soil is used in
almost every equation expressing the phase
relationships of air, water, and solids in a given
volume of matenal.

3.3 In fine-grained (cohesive) soils, the con-
sistency of a given soil 1ype depends on s
water content. The water content of a soil,
along with its liquid and plastic limit, is used (o
express its selative consistency or liquidity in-
dex.

3.4 The term “water” as used in geotechnical
engineering, is typically assumed to be “pore”
or “free” water and not thay which is hydrated
to the mineral surfaces. Therefore, the water
content of materials containing significant
amounts of hydrated water at in-situ tempera-
tures or less than 110°C can be misleading.

3.5 The term “solid particles” as used in
geotechnical enginecring, is typically assumed
to mean naturally occurnng mineral particles
that are not readily soluble in water. Therefore,
the water content of materials containing extra-
neous matter (such as cement, etc), water-sol-
uble maiter (such as salt) and highly organic

' Thas metbod 1s under the junsdicuos of ASTM Com-
autise D-18 oa Soul and Rock and is the direct respoasibality
of Subcommities D1803 oa Texture. Mastcity asd Densty
Charactanstics of Sols.

Curreat edibon approved May 30. 1980. Publushed July
1980. Oripnl.lyrubhlh-l 88 D2216 -6 T. Last previous
ediuon D 2216 - 71
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matter typically require special treatment or a
qualified definition of water content.

4. Apparatus

4.1 Drying  Oven,  shermostatically-con-
trolled, preferably of the forced-draft type, and
mainiaining a uniform temperature of 110 +
5°C throughout the drying chamber.

4.2 Balances, having a precision (repeatabil-
ity) of £0.01 g for specimens having a mass of
200 g or less, 0.1 g for specimens having a
mass of between 200 and 1000 g, or + | g for
specimens having a mass greater than 1000 [ 3

4.3 Specimen  Comsainers—Suitable con-
tainers made of matenal resistant 10 corrosion
and a change in mass upon repeated heating,
cooling, and cleaning. Containers with close-
fitting Lids shall be used for testing specimens
having a mass of less than about 200 g; while
for specimens having a mass greater than about
200 g, containers without lids may be used
(Note 1). One container is needed for cach
watcr content determination.

Note | - The -fitnd i
prevent loss of pnrpn:em:f f‘“c mm:“lmu:ul:;
weighing and (0 prevent absorptioa of moisture from
the atmospbere following drying and before final
weighing.

4.4 Desiccator A desiccator of suitable size
(a convenient size is 200 to 250-mm diameter)
containing a hydrous silica gel. This equipment
1s only reccommended for usc whea containers
having close-fitting lids are not used. See 7.4.1.

5. Samples

5.1 Keep the samples that are stored prior 0
lesing 1n noncorrodible airtight containers at
& lemperature beiween approximately 3 and
30°C and in an arca that prevents direct contact
with sunlight

5.2 The water content determination should
be done as soon as practicable afier sampling,
especially f potentially corrodible containers
(such as sieel thin-walled tubes, paint cans, etc)
or sample bags are used.

6 Test Specimen
6.1 qu walcr contents being determined in
conjuaction with another ASTM method, the

method of specimen selection specified in that
method controls

D 2218

62 The manner in which the test Specimey,
15 sclected and s required mass is basicaj;
dependent on the purpose (application) of ¢,
test, type of matcrial being tested, and the ly,
of sample (specimen from another test, ba,
tube, split-barrel, etc.). In all cases, howcvc;&.
icprescolative portion of the tuial sample sh;u
be sclected. If a layered soil or more than one
soul type is encountered, select an average pog.
too or individual portions or both, and note
which portion(s) was tested in the report of the
results

6.2.1 For bulk samples, select the test speci-
men from the matenal after it has been thor.
oughly mixed. The mass of moist material se.
Ie:(;d shall be in accordance with the followin‘
table:

Recommended Muumup
Swcve Retainung More Thao ~ Mass of Moist Specimen,
About 10 % of Sampie s

2.0 mm (No 10) sieve 100 to 200
475 mm (No 4) sieve 300 10 500
19 mm 500 w0 1000
38 mm 1500 10 3000
76 mm 5000 1o 10 000

6.2.2 For small (jar) samples, scloct a repre-
sentative portion in accordance with the follow-
ing procedure:

6.2.2.1 For cohesionless soils, thoroughly
mix the material, then select a test specimen
having & mass of moist material in accordance
with the table in 6.2.1. See Note 2.

6.22.2 For cokesive soils, remove about 3
mm of material from the exposed periphery of
the sample and slice it in half (to check if the
material is layered) prior to selecting the test
specimen. If the soil is layered see 6.2. The
mass of moist material selected should not be
less than 25 g or should be in accordance with
the 1able in 6.2.1 if coarse-grained particles are
noted. (Note 2).

6.3 Using a test specimen smaller than the
mimmum mass indicated previously requires
discretion, though it may be adequate for the
purpose of the test. A specimen having a mass
less than the previously indicated value shall
be noted in the report of the results.

NOTE 2 In many cases, when working with a
small sample containing a relatively large coarsc-
grained particle, it is appropriate not to include this

E:mclc in the test speamen. If this vocurs, it should
noted i the report of the results

b

1. Procedure

7.1 Select representative test specimens in
sccordance with Section 6.

7.2 Place the moist specimen in a clean, dry
container of known mass (Note 3), set the lid
wcurely in position, and determinc the mass of
ibe container and moist material using an ap-

niate balance (4.2). Record these values.

7.3 Remove the lid and place the container
vith moist material in a drying oven main-
sined at 110 £ 5°C and dry to a constant mass
(Notes 4, 5, and 6).

Note 3 To assist in the oven-drying of large test

specimens, they should be placed in containers hav-

2 large sucface area (such as pans) and the
saicnal broken up into smaller aggregations.

Note 4-The ume required (0 obtain constant
nass will vary depending on the type of matenal,
szc of specimen, oven type and capacity, and other
factors. The influence of these (actors generally can
be cstablished by 5':: judgment, and expencnce
with the materials being tested and the apparatus
being used. In most cascs, drying a test specimen over
sight (about 16 h) 1s sufficient. ln cases where there
» doubt ning the adequacy of drying, drying
should be continued until the maas afler two sucoes-
1ve periods (great. than % b) of drying indicaic an
insignificant chan : (less than about 0.1 %). Speci-
mens of sand may ofien be dried (0 constant mass in
a period of about 4 b, whean a forced-draft oven is
nsed.

Note 5--Oven-drying at 110 = 5°C does not
always result in water conteat valucs related to the
iatcnded use or the basic definition ially for
materials conlaining gypsum o¢ other minerals hav-
ing significant amounts of hydrated water or for soil
containing a significant amount of organic material.
ln many cases, and ing on the intended usc
for these © of matesials, it might be more appli-
cable 10 maintain the drying oven at 60 = 5°C or use
desi ata um of approximately

AV

133 Pa (10 mm Hg) and st a temperature ru:ging
between 23 and 60°C for drying. If either of these
drying methods are used, it should be noted in the
report of the results.

Note 6 - Since some dry matenals may absorb
moisture from moist specimens, dried 1
should be removed before placing moist specimens
in the oven. However, this requirement is not appli-
cable if the previously dried specimens will remain
in the drying oven for an additional time perniod of
about 16 h.

7.4 Afler the matenal has dricd (o constant
mass remove the container from the oven and
replace the lid. Allow the matenal and con-
tainer to cool to  vom temperature or until the
container can t  handled comfortably with

D 2216

bare hands and the operation of the balance
will not be alfected by convection currents.
Determine the mass of the conlainer and oven-
dried material using the same balance as used
in 7.2. Record this value.

7.4.1 If the conlainer does not have & hd,
weigh the container and material right aftes
their temperatures are such that the operation
of the balance will not be affected by coavec-
tion currents or after cooling in a desiccator.

Nore 7 Cooling in & desiccalor is recommended
sunce it prevents al ion of muisture from the

atmosphere during cooling.

8. Calculation
8.1 Calculate the water content of the ma-
terial as follows:

w
w = (W) — Wa/(W1— W] X 100 =

x 10

where:

w = waler content, %,

W, = rass of container and moist specimen,
14

W: = p.ass of container and oven-dried spec-
imen, g,

W. = mass of conlainer, g,

W. = mass of water, g, and

W. = mass of solid panicles, g.

9. Report

9.1 The report (data sheet) shall include the
following:

9.1.1 Identification of the sample (matenal)
being tested, by boring number, sample aum-
ber, test number, etc.

9.1.2 Water content of the specimen to the
nearest 0.1 % or | %, depending on the purpose
of the test.

9.1.3 lndication of test specimen having a
mass less than the minimum indicated 1n Sex-
tion 6.

9.1.4 Indication of test spccimen containing
more than one soil type (layered, etc).

9.1.5 ladication of the method of drymng
different from oven-drying at 110 £ 5°C

9.1 6 Indication of any matenal (suzc and
amount) excluded from the test specimen
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10. Precisioa and Accwracy curacy of this test method have not yet been
10.1 Requirements for the precision and ac-  d€veloped.

The American Society for Taming and Maerials 1akes mo posuon respecting the validity Lﬂy’uu righis asseriod in
connection with any iewm ioned & this dard Users of this sandard are ¢. dvised ‘ ion of the validit
“f"""“ﬁ““’"‘“‘-“m"‘q'ﬁ.‘-""‘/wwwﬂﬂdy“ouWy,

Thy suandard u subpct 10 revision at any time by the P bla technucal ¢ and must be reviewed every five years
and §f a0t revised, either reapproved or wathdn Yow are inviced elther for revision of 1his siandard or for adduional
siandards and should be addressed 10 ASTM Heosdgquarters You ¢ us will recetve carefid consids e ing of the

mwuthlnthcmn_Myﬂ~y¢lﬂ‘lf)w[Mlhp cmuhummdmu/um‘ynmu
make yowur views known 1o the ASTM Commitios on Siandards, 1916 Re ¢ 51, Philadeiphia, Pa 1910].
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{.1 This method covers the quantilative de-
grmination of the distribution of particle sizes
g soils. The distribution of particie sizes larger
gan 75 pm (retained on the No. 200 sieve) is
Jermined by sieving, while the distnibution of
panicie Sizes smaller than 75 pm is determined
ty 3 sedimentation process, using a hydrometer
w0 secure the necessary data (Notes | and 2).

NOTE |—Separation may be made on the No. 4
14 15-mm), No. 40 (425-um), or No. 200 (75um) sicve
wuead of the No. 10. For whatever sicve used, the size
aall be indicated in the report.

Note 2—Two types of dispersion devices are pro-
wied: (/) a high-speed mechsnical sturrer, and (2) air
awpersion. Extensive investigations indicate that air-
daperon devices produce a more positive dispersion
o plastic soils below the 20-ym sze and apprecisbly
less degradation on all sizes when used with sandy souls.
Because of the definite advantages favoring air disper-
900, its use is recommended. The results from the two
pes of devices differ in magnitude, depending upon
wil rype. leading 10 marked differences in particie size
datnbution, especiaily for sizes finer than 20 pm.

1. Applicable Documeats

Y1 ASTAM Siandards:

D421 Practice for Dry Preparation of Soul
Samples for Particle-Size Analysis and De-
termination of Soil Constants?

E 11 Speaificauon for Wire-Cloth Sieves for
Testing Purposes’

£ 100 Specification for ASTM Hydrometers*

1. Apparatus

31 Balances—A balance sensiive 10 0.01 g
lor weighing the material passing a No. 10 (2.00-
mm) sieve, and a balance sensitive t0 0.1 % of
the mass of the sample to be weighed for weighing

the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apperatus A
or B may be used.

3.2.1 Apparatus A shall consist of a mechan-
ically operated stirring device in which a suitably
mounted electric motor turns a vertical shaft at
a speed of not less than 10 000 rpm without load.
The shaft shall be equipped with a replaceable
stirring paddle made of metal, plastic, or hard
rubber, as shown in Fig. |. The shaft shall be of
such length that the stirring paddle will operate
not less than ¥ in. (19.0 mm) nor more than 1%
in. (38.1 mm) above the bottom of the dispersion
cup. A special dispersion cup conforming to
cither of the designs shown in Fig. 2 shall be
provided to hold the sample while it is being
dispersed.

3.2.2 Apparatus B shall consist of an air-jet
dispersion cup’ (Note 3) conforming to the gen-
eral details shown in Fig. 3 (Notes 4 and $).

Note 3—The amount of air required by an air-jet
dispersion cup is of the order of 2 f*/min; some small
air compressors are not capsbie of supplying sufficient
air (0 operate & cup.

NOTE 4—Another air-type dispersion  device,

known as a dispersion tube, developed by Chy and
Davidaon at iowa State College, has been shown 10 give

' This mewhod is under the junsdicoon of ASTM Commmee
D-18 on Soil and Rock and i the direct respoasmbality of
Subcommitiee D18.03 oa Texture, Plasticity, aad Denarty Char-
acieristcs of Soils.

Current odition approved Nov. 21, 1963. Onginally pub-
lished 1933. Replaces D 422 - 62.

? Annual Book of ASTM Siandards, Vol 04.08.

! Annual Book of ASTM Siandards, Vol 14.02.

* Annual Book of ASTM Sianderds, Vol 14.01.

S Detaslod working drawings for this cup are avadable at &
nominal cost from the Amenican Socuety for Testing and Ms-
terials. 1916 Race Sti., Philadeiphia, PA 1910). Ordey Adjunct
No. 12-404220-00.
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uOD Cups. Whtnnluml,mhmoﬂhcnmpkan
be dooc an the sahimentason cybinder, thus ciminating
the need for transfernng the slurry. When the air-
dmcnmlubcisuui.il:hnﬂbtaoumlnladinﬂn
repod.

NoTE S-Wmmyundenxmmhnawhmm
um:,m-nm-bcmved,u'lhaby-ma
walex trap on the ais hne, or by blowing the water owt
du-:hubcﬁnuqmdlheuﬁ-w
purposey.

33 Hydrometer—An ASTM bydvometer,
graduated to read in cither specific gravity of the
SUSPCOSION Of grams per litre of suspension, and
coalorming (0 the requirements for bydrometers
151H or 152H in Speafications E 100, Dimen-
soas of both hydmmctmmlheume, the scale
being the only item of difference.

3.4 Sedimervation Cinder —A glass cylinder
essentially 18 1n. (457 mm) in height and 24 in.
(63.5 mm) in diameter, and marked for a volume
of 1000 mL. The inside diameter shall be such
that the I(ll)-mLmukislét2cmfmmlhe
bottom on the insade.

35 Thermometer—-A thermometer accurale
to 1'F (0.5°C).

36 3 ves—A series of sieves, of square-mesh
woven-wire cloth, conforming 1o the reguire-
ments of Specification E 11. A full set of sicves
includes the following (Nuie 6).

3an (75-mm) No 10 (2.00-mm)

2-w. (50-mm) No. 20 (850-um)
¥ (37.5-mm) No. 40 (425-um)
[-in (25.0-mm) No 60 (2504um)
Yein (19 0-mm) No. 140 (106-um)
%in (9.5-mm) No. 200 (75-4m)

No. 4 (4.75-mm)

NOTE 6--A set of sieves Bving uniform spacing of
points for the graph, as required 1a Section 17, may be
used if desired. Thes set consists of the following sicves:

30 {7%-mm) No. 16 (1.18-mm)
1%-1n. (37 $-mm) No 30 (600-um)
Y%n. (19 0-mm) No 50 (300-um)
Win (9 S-mn) No. 100 (150-um)
No 4(475.0 m) No. 200 (7541m)
No 8(236-mm)

V7 Bater Buth or  Constang T'emperatyre

Roum—A water bath or constant-temperature
room for maintaning the soil suspension at a
constant temperature dunng the hydrometer
analysis. A satisfactory waler tank is an insulated
lank that maintains the temperature of the sus-
Pension at a convenient constant temperature at
O near 68°F (20°C). Such a device is Hustrated
tn F1g 4 In cases where the work s performed
A oom atan automaucally controlled constant

lemperature, the water hath is not n .
38 Beaker—A beaker of 250-ml. capacity
19 Timing Device—A waich or clock wiu.“

second hand.

4. Dispersing Agemt

4.1 A soluton of sodium hcumcuohosph.
(sometumes called sodium metaphosphate) shy
bcundind'milhdadcminenhzuimtcr.nm

rate of 40 g of sodium hcumcupbosplulc/hh
of solution (Note 7).

uwloplloflu9bym0flﬂh
carboaate. loulacoommn solutions should have %
date of preparation marked oa them.

4.2 All water used shall be either distilled o
demineralized water. The water fora hydrometq
test shall be brought to the lemperature that 5
expected to peevail duning the hydrometer ey
For cxam ple, if the sedimentation cylinder is 3
be placed in the water bath, the distilled or do
mineralized waier 10 be used shall be brought 1
the temperature of the controlied water bath: or,
if the sedimentation cylinder is used in a room
with controlled temperature, the water for the
test shall be at the temperature of the room. The
basic tempenature for the hydrometer test is 68°F
(20°C). Small vanations of temperature do not
introduce differences that are of practical signif
icance and do not prevent the use of corrections
derived as prescribed.

S. Test Sample

5.1 Prepare the test sample for mechanical
analysis as outhned in Practice D 421. During
the preparation procedure the sample is divided
mnto two portions. One poruon contains only
particles retained on the No. 10 (2.00-mm) sicve
whll_c the other portion contains only particies
passing the No. 10 sieve. The mass of air-dried
soul selected for purpose of lests, as prescribed in
Practice 1) 421, shall be sufficient 10 yield quan-
tittes for mechanical analysis as follows:

5 L1 TI'he size of the portion retained on the
No. 10 sieve shall depend on the maximum size
of particle, according to the following schedule:

Nominal [sameter of

| argest Pariicles, Approximatc Minimum
n (mm) Mass of Poruon. ']
(99 MX)

( v 1000

@ va2

Nomunal [hameter

of Langest Pasticies, Approannate Minimum

m (mm) Mass of Portion, g
Qs 2000
t'a {38 1) 3000
2 (508) 4000
1 (62) 5000

5.1.2 The size of the portion passing the No.
10 sieve shall be approximately 115 g for sandy
wuls and approximately 65 g for silt and clay
swils

5.2 Provision is made in Section 5 of Practice
p 421 for weighing of the air-dry soil selected for
purpose of tests, the separation of the soil on the
No. 10 sieve by dry-sieving and washing, and the
weighing of the washed and dried fraction re-
wned on the No. 10 sicve. From these two
smasses the percentages retained and passing the
No. 10 sieve can be calculated in accordance
wth 12.1.

NoTE 8- A check on the mass values and the thor-
oughacss of pulverization of the clods may be secured
by weighing the portion passing the No. 10 sieve and
sdding this vatue to the mass of the washed and oven-
ined portion retained on the No. 10 sieve.

SIEVE ANALYSIS OF PORTION RETAINED
ON NO. 19 (200-mm) SIEVE

6. Procedure

6.1 Separate the portion retained on the No.
10(2.00-mm) sicve into a series of fractions using
the 3-in. (75-mm), 2-in. (50-mm), 1'%4-in. (37.5-
mm), fan. (25.0-mm), Y%-in. (19.0-mm), %-in.
(#5-mm), No. 4 (4.75-mm), and No. 10 sicves,
of as many as may be needed depending on the
ample, or upon the specifications for the mate-
nal under test.

6.2 Conduct the sicving operation by means
o a lateral and verical motion of the sicve,
xcompanied by a jarning action in order to keep
the sample moving continuously over the surface
of the sicve. In no case turn or manipulate frag-
ments in the sample through the sieve by hand.
Continue sieving until not more than | mass %
of the residuc on a sicve passes that sieve dunng
I mia of sieving. When mechanical sieving is
used, test the thoroughness of sieving by using
the hand method of sieving as described above

6 3 Determine the mass of each fraction on a
balance conforming 1o the requirements of 3.1.
Al the end of weighing, the sum of the masses
etained on all the sieves used should equal
Ausely the ongre *ass of the quanuty sicved

HYDROMETER AND SIEVE ANALYSIS OF
PORTION PASSING THE NO. 10 (2.00-mm)
SIEVE
7. Determinstion of Composite Corvection for

Hydrometcr Reading

71 Equations for percentages of soil remain-
Ing in suspension, as given in 14.3, are based on
the use of distilied or demincralized water A
dispersing agent is used in the waler, however,
and the specific gravity of the resulting liquid s
appreciably greater than that of distilled or de-
mincralized water.

7.1.1 Both soil hydrometers are calibrated at
68°F (20°C), and vanations in temperature from
this standard icmperature produce inaccuracies
in the actual hydrometer readings. The amount
of the inaccuracy increases as the variation from
the standard temperature increascs.

7.1.2 Hydrometers are graduated by the man-
ufacturer to be read at the bottom of the menis-
cus formed by the liquid on the stem. Since it is
not possible to secure readings of soil suspensions
at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for
the three ems enu:merated s designated as the
composile correction, and may be determined
expenmentally.

7.2 For convenicnce, a graph or table of com-
posite corrections for a series of 1° temperature
differences for the range of expected test temper-
atures may be prepared and used as neoded.
Mecasurement of the composite corrections may
be made at two temperatures spanning the range
of cxpected test temperatures, and comrections for
the intermediate temperat res calculated assum-
ing a straight-linc relationship between the two
observed values.

7.3 Prepare 1000 ml. of liquid compused of
distilled or demincralized water and dispersing
agent in the same proportion as will prevail 1n
the sedimentation (hydrometer) test. Place the
liquid in a sedimentation cyclinder and the cyl-
inder 1n the constant-temperature water bath, set
for one of the two temperatures to be used. When
the temperature of the liquid becomes constant,
inscrt the hydrometer, and, after a short interval
to permit the hydrometer to come to the temper-
ature of the hquid, read the hydrometer at the
top of the meniscus formed on the stem. For
hydrometer 151H the composite correction is 1he
difference between 1his reading and one, for hy-
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drometer 152H it 1s the difference between the
reading and zcro. Bring the liquid and the hy-
dromeier to the other temperature to be used,
and secure the composite correction as before.

8. liygroscopic Moisture

8.1 When the sample is weighed for the hy-
drometer test, weigh out an auxiliary portion of
from 10 to 15 g in a small metal or glass con-
tainer, dry the sample to a constant mass in an
oven at 230 £ 9°F (110 £ 5°C), and weigh again.
Record the masses.

9. Dispersion of Soll Sample

9.1 When the soil is mostly of the clay and silt
sizes, weigh out a sample of air-dry soil of ap-
proximately 50 g. When the soil is mostly sand
the sample should be approximately 100 g.

9.2 Place the sampic in the 250-mL beaker
and cover with 125 ml. of sodium hexameta-
phosphate solution (40 g/L). Stir until the soil is
thoroughly wetted. Allow to soak for at least 16
h.

9.3 At the end of the soaking penod, disperse
the sample further, using either stimng apparatus
A or B. If sumng apparatus A is used, transfer
the soil - water slurry from the beaker into the
special dispersion cup shown in Fig. 2, washing
any residue from the beaker into the cup with
distilled or demincralized water (Note 9). Add
distilled or demincralized water, if ncoessary, so
that the cup is more than half full. Sur for a
penod of 1 min.

NoTe 9— A large size synnge is a convenient device
for handling the water in the washing operstion. Other

devices include the wash-water bottle and a hose with
nozzle connected to a pressurized distilled water tank.

94 If stirnng apparatus B (kig. 3) is used,
remove the cover cap and connect the cup 1o a
compressed air supply by means of a rubber hose.
A air gage must be on the line between the cup
and the control valve. Open the control valve so
that the gage indicates | psi (7 kPa) pressure
(Note 10). Transfer the soil - water slurry from
the beaker 10 the air-jet dispersion cup by wash-
ing with distilled or demineralized water. Add
distilled or demineralized water, if necessary, so
that the total volume in the cup is 250 mL, but
no more.

Nate 10 — The imital aie pressure of 1 psiis requised
10 prevent the sanl - water mixture from entening the

air-jct chamber when the miature 1s transferred to the
dispersion cup

9.5 Place the cover cap on the cup and opey
the air control valve unul the gage pressure is 2
psi (140 kPa). Disperse the soil according 1o the
following schedule:

Dyspersion Penod,

Plasucity Index muin
Under § b
6020 t0
Over 20 [}

Soils containing large peroentages of mica neeg
be dispersed for only | min. Afler the dispersion
period, reduce the gage pressure o | psi prepar.
atory to transfer of soil - water slurry to the sed-
imentation cylinder.

10. Hydrometer Test

10.1 Immediately after dispersion, transfer the
soil - water slurry to the glass sedimentation cyl-
inder, and ad distilled or demincralized water
until the total volume is 1000 mL.

10.2 Using the palm of the hand over the open
end of the cylinder (or a rubber stopper in the
open end), turn the cylindes upside down and
back for a penod of | min to complete the
agitation of the slurry (Note 11). At the end of |
min st the cylinder in a convenient location and
take hydrometer readings at the following inter-
vals of time (measured from the beginning of
sedimentation), or as many as may be necded,
depending on the sample or the specification for
the matenal under test: 2, 5, 15, 30, 60, 250, and
1440 min. If the controlled water bath is used,,
the sedimentation cylinder should be placed in
the bath between the 2- and 5-min readings.

Note 11—The number of iurns during this minuk
should be approximately 60, counting the turn upside
down and back as two tumns. Any soil remaining in the
bottom of the cylinder during the first few turns should
be loosencd by vigorous shaking of the cylinder whilt
it 1s 10 the inveried position.

10.3 When it is desired to take a hydrometes
reading, carefully insert the hydrometer about 20
10 25 s before the reading is duc to approximately
the depth it will have when the reading is taken.
As soon as the reading is taken, carefully remove
the hydrometer and place it with a spinning
motion in a graduate of clean distilled or demio
eralized water.

Noit 1211 simportant 10 remaove the hydrometd
immediately after ¢ach reading. Readings shall be take®
at the 10p of the memiscus formed by the suspensio®

around the stem, since 1t is aot possible to sevul®
readings at the botiom ot the meniscus

@ paz2

10.4 Afer cach reading, take the temperature
of the suspension by inscrting the thermometer
into the suspension.

11. Sieve Amalysis

111 Afler 1akir  the final hydrometer read-
ing. transfer the su: ension to a No. 200 (75-um)
geve and wash with tap water until the wash
waler is clcar. Transfer the material on the No.
200 sicve to a suitable container, dry in an oven
at 230 £ 9°F (110 £ 5°C) and make a sicve
snalysis of the portion retained, using as many
geves as desired, or required for the maternial, or
wpon the specification of the matenial under test.

CALCULAY'ONS AND REPORT

12. Sieve Amalysis Valwes for the Portios
Coarses than the No. 10 (2.00-mm) Sieve

12.1 Cakculate the percentage passing the No.
10 sicve by dividing the mass passing the No. 10
scve by the mass of soil originally split on the
No. 10 sieve, «ad multiplying the result by 100.
To obtain the muss passing the No. 10 sieve,
subtract the mass .ctained on the No. 10 sieve
from the onginal mass.

12.2 To secure the total mass of soil passing
the No. 4 (4.75-mm) sieve, add 10 the mass of
the matenal passing the No. 10 sicve the mass of
the (raction passing the No. 4 sieve and retained
on the No. 10 sieve. To secure the (otal mass of
w1l passing the %-in. (9.5-mm) sieve, add to the
total mass of soil passing the No. 4 sieve, the
mass of the fraction passing the %-in. sicve and
mained on the No. 4 sieve. For the remaining
scves, continuc the calculations in the same
manner.

12.3 To determine the total percentage pass-
ing for cach sieve, divide the total mass passing
{3ec 12.2) by the total mass of sample and mul-
tiply the result by 100.

13. Hygroscopic Moisture Correction Factor

13.1 The hydroscopic moisture correction fac-
We is the ratio between the mass of the oven-
dned sample and the air-dry mass before drying.
Wis a number less than onc, except when there
B 1o hygroscopic moisture.

4. Percentages of il in Suspension

14.1 Calculate the oven-dry mass of soil used
' the hydromeler analysis by muluplying the
diry Maass by the hveroag omie maitnre corrme

tion factor.

14.2 Calculate the mass of a total sampic rep-
resented by the mass of soil used in the hydrom-
eter test, by dividing the oven-dry mass used by
the percentage passing the No. 10 (2.00-mm)
sicve, and multiplying the result by 100. This
value is the weight W in the equation for per-
ocnlage remaining in suspension.

14.3 The percentage of soil remaining in sus-
pension at the level at which the hydrometer is
measuring the density of the suspension may be
calculated as follows (Note 13): For hydrometer
1SIH:

P = [(100 000/ W) X GG — GINR - G))

Note 13—The bracketed poruon of the equation
for hydrometer 151H is constant for a senes of readings
and may be calculated firm and then multiplied by the
portion in the parentheses.

For hydrometer 152H:

P = (Ra/W) x 100

where:

a = correction faction 10 be applied to the read-
ing « T hydrometer 152H. (Valucs shown on
the s ale are computed using a specific grav-
ity of 2.65. Correction factors are given in
Table 1),

P = percentage of soil remaining 1n suspension
at the level at which the hydrometer mea-
sures the density of the suspension,

R = hydrometer reading with composite correc-
tion applicd (Section 7),

W = oven-dry mass of soil in a total test sampic
represented by mass of soil dispersed (sce
14.2), 8,

(¢ = specific gravity of the soil particles, and

G, = specific gravity of the liquid in which soil
particles are suspended. Use numerical
value of onc in both instances in the equa-
tion. In the first instance any possible van-
ation produces no significant cflect, and in
the second instance, the composite cofmex-
tion for R is based on a value of onc for G,

15. Diameter of Soll Purticles

15.1 The diameter of a particle corresponding
10 the percentage indicated by a given hydrome-
ter reading shall be calculated according (o
Stokes’ law (Note 14), on the basis that a particle
of this chameter was at the surface of the suspen-
sion at the beginning of sedimentation and had
scutled 1o the level at which the hydrometer is

msacirrng the domneac o tha cormame s Acoard
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g o Stokes” faw
D= V{W0n/980G - G x L)1

where

D = diameter of parucle, mm,

n = coethcient of viscosity of the suspending
medium (1n this case waler) in potses (varies
with changes in temperatuee of the sus-
pending medium),

1 - distance from the surface of the suspension
to the level at which the density of the
suspension 15 being measuied, ecm. (For a
given hydrometer and sedimentation cyl-
wder, values vary according to the hydrom-
cter readings. Py distance 18 known as
effecuive depth (Table 2)),

{ = taterval of time from beginning of sedimen-
1anon 1o the waking of the reading, min,

G = speaific gravity of saml particles, and

G, = speailic gravity (relative density) of sus-
pending medium {value may be used as
1.000 for all pracucal purposes).

Noir 14 Since Stokes’ law consuders the 1erminal
velouity of a single sphere falling in an infinity of liquid,
the sizes calculated represent the diameter of spheres
that would fall ai the same rate as the soil particles

1S 2 For convemence in calculations
above cquation may be written as foilows:
b= KJVL/T

1

the

wheie
A = constant depending on the temperature of
the suspension and the specific gravity of
the st particles. Values of K for a range of
temperatures and specific gravities are given
in Table 1. The value of A" does not change
for a senes of readings constituting a test,
while values ot 1. and 7" do vary
15.3 Values of D may be computed with sut-
huent accuracy, vsing an ordinary 100 shide
rule
Nutr 15 The value of £ s divaded by 7 using the
- and B scales, the square root being indicated on the
D oscale Withowl ascentaning the value of the square

root it may be multiphed by A, using either the (- or
Cl-sate

16. Sieve Analysis Values for Portion Finer than
No. 10 (2.00-mm) Sleve

16 1 Calewlation of percentages passing the
vanous sieves used inosieving the porhon of 1he
sample from the hydrometer test involves several
steps Hhe tust step s ta calculate the mass of the

fraction that would have been retarned op i
No. 10 sieve had 1 not been removed. Thys

15 equal 10 the total percentage retained op
No 10 sieve (100 minus total percentage pasg,
numes the mass of the total sample represep
by the mass of sott uscd (as calculated in 142l
and the result divided by 100

16 2 Calculate next the total mass Passing g,
No 200 sieve. Add together the fracuonal m
retained on all the sieves, including the Ng, it
sicve, and subtract this sum from the mass of iy
total sample (as calculated 1n 14.2)

16.3 Calculate next the total masses pasy
cach of the other sieves, 1n a manner stmilar g
that givenin 12.2.

16.4 Calculate last the total pescentages pag
ing by dividing the total mass passing (as cale,
lated 1 16.3) by the total mass of sample (y
catculated o 14.2), and multply the resuh by
100.

17. Graph

17.1 When the hydrometer analysis 1s pe.
formed. a graph of the test results shall be made,
plotuing the diameters of ihe particles on a log
nthmic scale as the abscissa and the percentag
smaller than the corresponding diameters 10 a
anthmetic scale as the ordinate. When the hy
drometer analysis 1s not made on a portion o
the sotl, the preparation of the graph is optionad
since values may be secured directly fiom tabe
lated data.

18. Report

18.1 The report shall include the following:

18.1.1 Maximum size of particles,

18 1.2 Percentage passing (or retained ol
cach sieve, which may be 1abutated or preseniod
by plotting on a graph (Noie 16),

L8 13 Descaption of sand and gravel pare
cles

18 1 31 Shape— rounded or angutar,

(8.1 12 Hardness—hard and durable, soft, o
weathered and fnable,

1814 Speaific gravity, 1t unusuaily high of
low,

1815 Any dithcuhty in dispersing the Frachiod
passing the No 10 (2.00-mm) sieve, indicattng
any change o type and amount of dispersing
agent, and

IR 1.6 The disperston device used and K¢
length of the dispersion periisd

|
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Nory V6-- This tabulanon of graph teprescats the
non of the sample tested. If particles larger than
"h comained 1n the sample were removed before
‘OT,L the repont shail 50 state giving the amount and

animum size

18.2 For matenials tested for comphiance wqh
it specifications, the fractions called for in
h specifications shall be reported. The frac-
s smaller than th= No. 10 sieve shall be read
jom the graph. A
183 For matenals for which comphiance with
gelimitc specifications is not indicated and \yhcn
e soil 1 composed almost entirely of particles
ng the No. 4 (4.75-mm) sieve, the results
read from the graph may be reported as follows:

iy Gravel passing 3-in. and retained on g
No. 4 ueve
M) Sand, passing No. 4 sieve and re- %

wned on No. 260 sieve
(0) Coarse sand, p »sing No. 4 sicve
and rewined oo No. 10 sieve
{b) Medium sand, pasung No. 10

sicve and relained on No 40 %
sieve
() Fine sand, passing No. 40 sicve %
and retained on No. 200 sieve
) Sih suze, 0.074 10 0.005 mm %

(4) Clay size. smaller than 0 005 mm “%

Collinds, smalles than Q001 mm %

18 4 For matenals for which compliance with
definite specifications is not indicated and when
the soil contains maltenal retained on the No. 4
sieve suflicient to require a sieve analysis on that
poriion, the resulis may be reporied as follows
{Note 17):

Sirve ANALYSIS
Percentage

Sieve Swe Passing

Yan

2an

{2-3m

fan.

Ye-m

Y10

No. 4 (4 75-mm)
No 10 (2.00-mm)
No. 40 (425-pm)
No 200 (75-pum)

HYDROMETER ANALYSIS

0074 mm
0.005 mm
0.001 mm

Nore 17—No B (2 }o-mm) and No 50 (300-pm)
sicves may be substituted for No. 10 and No 40 seves.
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TABIE | Valwes of Corvection Factar, a, fer Differest

Specific Gravities of Soll Particies?
Spectfic Gravity Cormection Factor!
19 094
290 0935
283 0 9%
200 097
278 098
270 0.99
263 1.00
260 101
258 102
2% 10}
245 103
“For ume for p age of sl in

when using Hydvo 132K,

TABLE 1 Vaines of Effective Depth Based o Hydrometer
and Sedimentation Cylinder of Specified Siaen’

Hydromewer $51H Hydrometer 152H
Actual Actual
Actual Hy- Lfec- Hy- Effec-
Hydrom. Efiecuve - uve  drom  uve
ot L cml cer Depth, v Depth,
Reading . Raad L. cm Read L.cm
ng ing
1.000 163 o 163 ]| "
1001 16.0 1 161 n i
1002 [ ] 2 160 1 109
1.003 155 3 i58 34 107
1 004 152 4 156 35 106
1.005 150 s 155
1 006 147 6 153 36 104
1 007 144 7 15.2 » 102
1008 142 ] 150 it 1014
1 009 119 9 148 39 99
1 010 137 10 147 40 97
100 [(BE] i 145 41 9.6
1012 131 12 43 42 94
100} 129 13 142 4] 92
1014 116 14 140 44 91
1013 123 15 138 43 | K
1016 121 16 137 46 L X ]
1017 ns 7 133 47 86
Lo s 1§ 133 43 84
1019 H 19 132 49 33
1.020 1o 20 130 30 L}
102 107 2 129 31 79
1022 105 22 127 32 78
1023 102 23 123 53 16
1024 100 24 124 54 74
1023 97 25 122 b33 73
1020 94 26 120 56 71
107 912 27 19 57 10
1028 89 28 7 58 [ ]
1 029 86 29 S 59 66

10% 4 3 4 o) 63

TABLE 2 Contioued

“Hydrometer 1511 Hydromeser 152 H
o " Actual T Aceal
Actual My Eflc-  Hy-  Effeg.
Hydrom- Efloctive drom tive drom- uwe
oo y cler Depth, eter Depy,
Reading ™ Read Licm  Read L ow
ing ing
1038 3
1032 78
103} 76
10 1
1038 70
1036 68
103 [ 3]
1038 62

‘Valuao(dl'uuved;whu:mlwhwﬁmn Iheeq\uu:
L=L, + Wi, ~ (Va/4))

wiere.
1 = cflective depth, cm,
L -mdnqlhtﬂnnohhchydlmfmmm~
of the bulb to Lhe mark for & hydrometer reading, cm,
Ly = overall kength of the hydrometer bulb, cm,
¥a = volume of hydrometer bulb, cw’, and
A = crom-secuoaal arcs of sedimentatson cylinder, cm?
Values used is caloulating the values 1n Tabic 2 arc as foliowy
For both hydrometers, 131H and 132H.
L; = 140cm
}o = 670cm?
A = 218cm’
For hydrometes {11
Ly = 103 cm for & reading of 1.000
= 2.3 cm for a reading of 1.031
tos hydrometer 152H:
Ly = 105 cm for a reading of 0 g/litre
= 23 con for & reading of 30 g/live

& o422

LABLE 3} Valuesof K for Lise la hom for C ng DV of Purticie in tiydrometer Analysis
cmpeTatuTe. S(t:lﬁc (junv of?oal Pancies o
i 245 250 258 2.60 265 210 1 280 28}
'm 001510 (01505 001481 001457 001435 001414 001394 001374 001350
17 001511 001486 001462 001439 001417 001396 001376 00135 001318
8 001492 001487 001443 001421 00139 LOTRY 001359 0.011)9 0012t
19 001474 001449 001425 001403 001382 0.0136! 001342 01323 0.0130%
0 001456 001431 001408 001386 001165 001344 001325 001307 001289
21 001438 001414 001391 001369 001348 001328 001309 001291 001273
n 001421 001397 001374 001351 001332 001312 001294 001276 001238
23 001404 001381 001358 0.01337 001317 001297 001279 001261 00124
24 001388 0013 001342 001321 00130t 001282 001264 001246 001229
25 001372 001349 001327 0.01306 0.01286 001267 001249 001232 001215
26 001357 001134 001312 00129 QQLZ;D 001253 001233 001218 001201
n QU142 001319 00i297 001277 001258 001239 001221 001204 001188
n 0013127 00t34 001283 001264 001244 001235 001208 00119t 00178
29 001312 001290 001269 001249 001230 001212 001195 001178 001162
30 001298 001276 0012% 001236 001217 001199 001182 001165 00N
C]
Yo' [No 18 BW Go = 0.049
Chiome Ploted
Punch
0.203" 10,00
(a) (b)
Metric Equivalents
n 000 0049 020} r
mm 003 124 516 127 190
FIG. 1 Detail of Stisring Paddics




@ o«

o — I 5 dam —
Permenent Removable
Baffle Baffle
Rods Rods
A
Baffle
Location
Plan
60
26%
i Metric Equinaienss
in 13 16 37
mm 33 66 932
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45[}) Designatior 1140 - 54 (Reapproved 1971)

Standard Test Method for
AMOUNT OF MATERIAL IN
200 (75-um) SIEVE'

An Amerioen Matiorel Surasre

SOILS FINER THAN THE NO.

_Mummmwmonammwmpmmund
angasl adopuOS o1, in the cass of revision, the year of lest sevision. ", sumber in pasenthesss indicates the year of last respproval.
A mpencrigt cpmioa (¢) indicanes an oditorial chaege sace the lan .. mion of rappvovel.
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1. Scope

1.1 This method covers determination of the
1otal amount of material in soils finer than the
No. 200 (75-um) sieve.

1 Apparatus

2.1 Sieves—A nest of two sieves, the lower
being @ No. 200 (754um) sieve and the upper 8
No. 40 (425-um) sieve, both conforming to
ASTM Specification E 11, for Wire-Cloth Sicves
for Testing Purposes.?

2.2 Comntainers—A pan or vessel of sufficient
qaze 1o contain the test sample covered with water
and to permit of vigorous agitation without ad-
verient loss of any part of the sample, and a *
sscond pan or container for use in drying the test
ample after washing.

). Test Sample

3.1 The test sampic shall be selected from
matenial that has been thoroughly mixed. A rep-
msentative sample, sufficient to yield not less
than the approximate weight of dried material
shown in the following table, shall be selected
using a sample splitter or by the method of
quartering:

Approzimase
Nomins! Diameter of Minisum Weight

Largest Particle, in. of Sample, g
QU787 (No. i0 seve) (2.0 mm) 200
0187 (No. 4 meve) (4.73 mm) 500
% {190 mm) 1300
1(25.0 mm) 2000
1% or over (37 $ mm) 2500

4. Procedure

41 Dry the test sample 10 a constant weight

235

Tius mevhad has been approved for use by agencies of the Departmens of Defense and for listing in the DoD Index of Specificaisons

at a temperature oot exceeding 230 £ 9F (110
1 5 C) and weigh to the nearest 0.05 percent, or
alternatively, weigh the test sample moist and use
an auxiliary moisture content sample (o deter-
mine the moisture content of the sampie. The
\ cight of the moisture content sampie shall be
Letween 20 and 30 percent of the weight of the
test sample. Calculate the oven-dry weight of the
test sample from the moist weight and the mois-
ture content.

4.2 Place the test sample in the container, add
sufficient clcan water to cover it, and allow to
soak a minimum of 2 h (preferably overnight).

4.3 Agitate the contents of the container vig-
orously and pour the wash water immediately
over the nested sicves, arranged with the coarser
sicve on top. Repeat the process of adding clear
water to the container 10 cover the sample, agi-
tating the contents of the container, and pouring
the wash water over the nested sieves until the
wash water is clear. When the total sampie is
small, the entire contents of the soaking con-
tainer may be transferred to the nested sieves
after the first washing and the washing operation
completed in accordance with 4.4, The wash
water need not be saved.

Note 1—The percentage value secured at the end
of the test may sot be corvect (being too low) for soils
containing reiatively high percentages of the minus 200
fraction. This appears to be due chiefly 10 inadequate
agitation. When it is desired 10 secure the exact per-

' Thus method s under the jurisdiction of ASTM Comoutier
D-18 oa Sod and Rock.

Curreot edinoa approved Sept. 13, 1954. Onigsally usued
1950 Replaces D1140- 50 T.

* Annual Book of ASTM Siandards, Vola 04.01,04.02, 04.06,
05 05, and 14.02.




cenlage for the minus 200 fraction for such a soil, the
portion of the mmpic passing the No. 40 sieve and
retained on the No. 200 sieve secured in the washing
operstion, shall be transferved w the dispersion cup of
the stirning spparatus used in Mcthod D 422, Particle-
Size Asalysis of Souls,’ the cup filled half full with water
and the contents agitaied for | min. Afker thus sgitation
the contents of the cup shall be transferred w the nested
seves and washing continucd.

If the stiming apparatus has not boen used pnor 10
the drying of the portion of the sampic larger than the
No. 200 (75-4um) sieve, and it is desired o do 3o after
drying, the dried matenal shall be separated on the No.
40 (425-um) meve; the portioa resined shail be saved:;
mmmmp-umummmm
cup with water and agitased for | min with the stirring
apparatus as previously described. The contents of the
cup shal) be transferred (o the No. 200 sicve, washed,
and dried. The revised total weight retsined on the No.
200 sieve shall be secured by combining and weighing
the two fractions.

4.4 Transfer the sampie 10 the nesied sicves
and wash with running water (Note 2). When the
sampie 1s larger than can be handled at one time
on the nested sicves, wash a portion of the sample
and transier 10 the container in which it is 10 be
dned.

NoTe 2—Tapping of mcves has been found 10 ex-
pedite the washing operations.

D 1140

4.5 Dry the washed matenal retained on e
nested sieves in a cONtainer o A coustant weighy
at a temperature not exceeding 230 + 9 F (11ip
+ 5 C) and dry-sieve it on the nested sieves (Noe
3). Weigh the dry matenal retained on the nested
sicves (0 the nearest 0.05 peroent.

NoTE 3—Some material passes the No. 200 (75-um)
sieve on dry sieving that did 0ot pass during the washusg
operation. When desired, a sieve analysis may be mak
on the porion of the sample retained on the No. 200
sicve, in accordance with Method D422

S. Calculation
5.1 Calculate the results as follows:
P (W, ~ W)/W,] x 100

£ = peroentage of matenal finer than No. 200
(75um) sieve,

W, = weight of original sample on an oven-dn
basis, g and

W, = oven-dry weighi of sample afier washing
and dry-sieving, g

? Annual Book of ASTM Siandards, Vol 04.08.
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Standard Test Methods for

An Amesican Nationa) Standey

MOISTURE-DENSITY RELATIONS OF SOILS AND SOIL-
AGGREGATE MIXTURES USING 5.5-Ib (2.49-kg) RAMMER
AND 12-in. (305-mm) DROP'

This standard is issued uader the fined demgasuoa D 698 the aumber umsecdiately touomqkm dp:;ntm indicates the
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adoptson of, in tbe of revision, the of last
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1. Scope

i.1 These laboratory compaction methods
cover the determination of the relationship be-
tween the moisture conlent and density of soils
and soil-aggregetc mixtures (Note 1) when
compacted in a mold of & given size with a 5.5-
1b (2.49-kg) rammer dropped from a height of
12 in. (305 mm) (Note 2). Four alternative
procedures are provided as follows:

1.1.} Method A A 4-in. (101.6-mm) mold,;
malerial passing a No. 4 (4.75-mm) sieve;

1.1.2 Method B A 6-in_ (152.4-mm) mold,
matcnal passing a No. 4 (4.75-mum) sieve;

1.1.3 Method C - A 6-in. (152.4-mm) mold;
material passing & %-in. (19.0-mm) sicve; and

1.1.4 Method D A 6-in. (152.4-mm) mold;
malerial passing a ¥-in. (19.0-mm) sieve, cor-
rected by replacement for maternial retained on
a Y0, sieve.

Notg |- Soils and soil-aggregate mixtures should
be regarded as natural occurning finc- of coarse-
grained soils or composites 1 mixtures of natural
soils, o1 mixtures of natural and processed soils or

regates such as silt, gravel, or crushed rock
.‘ilmr. 2 These laboralory compaction test meth-
ods when used on soils and soil-aggregates which are
not frec-draining will, 1n most cases, establish a well-
defined opumum moisture content and maximum
density (see Section 7) However, for free-drainin
soils and s0il-sggregate mixtures, these methods wil
not, In many cases, produce a well-defined moisture-
density relationship and the maximum density ob-
tained will gcncrnﬁy be less than that obtained by
vibratory methods

1 2 The method to be used should be indi-
cated in the specifications for the material being

tested. If no method is specified, the provisions
of Section 5 shall govern.

2. Applicable Documents

2.1 ASTM Siandards:

C 127 Test Method for Specific Gravity and
Absorption of Coarse Aggregatc’

D 854 Test Method for Specific Gravity of
Soils®

D 2168 Mcthods for Calibration of Labora-
tory Mechanical-Rammer Soil Compac-
1ors’

122216 Mecthod for Laboratory Determins-
tion of Water (Moisture) Content of Soil,
Rock, and Soil-Aggregate Mixtures’

2487 Test Method for Classification of
Soils for Engineering Purposes’

D 2488 Practice for Description and Identifi-
cation of Soils (V 'sual-Manual Procedure)’

E 1 Specification for Wire-Cloth Sieves for
Testing Purposes*

3. Apparatus

3.1 Molds The molds shall be cyhindrical
in shape, made of ngid metal and be within the
capacity and dimensions indicated in 3.1.1 of
3.1.2. The molds may be the “split” type, con-
sisting cither of two half-round sections, or 8

' These mcthads are under the junsdscion of ASTM Com-
mattee - 18 on Sout and Rock

Current cdition appsoved Apnl 27, 1978 Published Jul®
1978 Onginally publishod as 1698 - 42 1 Last previous e
tion D698 - 70

} gnnual Book of ASTAM Standards, Vols 04 02 and 04 03

! dnnual Book ¥ ASTM Standards, Vol 04 08

* Annual Book 1 451 M Standards, Vols 04 0) 04 02, 04 06
0505 and 1402
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section of pipe split along one eclement,
which can be securely locked together 1o form
s cylinder meeting the requirements of this
wetion. The molds may also be the “taper™
ype. providing the internal diameter taper i

~uniform and s not more than 0.200 in flincar

fi (16.7 mm/lincar m) of mold height. Each
mold shall huave a base plate assembly and an
extension collur assembly, both made of rigid
metal and constructed so they can be securely
attached 10 or detached from the mold. The
extension collur assembly shall have a height
extending above the top of the mold of at
least 2 in (508 mm), which may include an
upper section that flares out 10 form a funnel
provided thete is at least a Ya-in. (19-mm)
straight cylindrical section beacath i,

300 Mold 4.0, (101.6 mm) in diame-
ter, having a cap city of w = 0.0004 i (944
£ 1l em?) and ¢ aforming o Fig. 1.

3.1.2 Mold, €. in. (152.4 mm) in diameter,
baving a capacity of %ia.an = 0.0009 i’ (2124
1 25 cm®) and conforming to Fig. 2.

3.1.3 The average internal  duaneter,
height. and volume ol each mold shall be
determined before initial use and at intervals
not exceedimg OO0 times the mold s filled.
The mold volume shall be calculated from the
average of at least six internal diameter and
three height measurements made to the near-
est 001 1. (0.02 mm). or from the amount
of water required 1o completely fill the mald.
corrected for temperature variince in accord-
ance with Table 1. If the average ainternal
diameter and volume are not within the tol-
erances shown ain Figs 1 or 2, the mold shall
not be used. The determined volume shill be
used in computing the required densities

32 Rummer - The rammer may be cither
manually operated (see 3.2.1) or mecham-
cally operated (see 3.2.2). The rammer shall
Lall frecely through a distance of 120 ¢ Y,
BO4.8 ¢ 1.6 mm) from the suiface of the
specimen. The manufactuied weight of the
rammer shalt be S5+ 0.021b (2.49 + 0.01
kg). The specimen contict face shall be flat

3.2.1 Manual Rammer - The specimen con-
tact face shall be circular with a diameter of
2000 £ 0.005 in. (50.80 £ 013 mm). The
fammer shall be equipped with a guide
sleeve which shall provide sufficient clearance
% that the free fall of the rammer shaft and
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head will not be restricted. The guidesleeve
shall have four vent holes at each end (eight
holes total) located with cenlers % £ Vie in.
(19.0 £ 1.6 mm) from each end and spaced 90
deg apart. The minimum diameter of the vent
holes shall be % in. (9.5 mm).

3.2.2 Mechanical Rammer — The ummer
shall operate mechanically in such o manner
as 1o provide uniform and complete coverage
of the specimen surface. There shall be 0 10
£ 0.03in. (2.5 « 0.8 mm)cleasance between
the rammer and the inside surface of the mold
at ity smallest diameter. When used with the
4 0-in, (101.6-mm) mold, the specinen con-
tact face whall be circulur with a diameter of
20060 £ 0.005 in. (50.80 £ 0.13 mm). When
used with the 6.0-in. (152.4-mm) mold, the
specimen contact face shall have the shape of
a section of a circle of a rudius equal to 2 90
2 0,020, (73.7 = 0.5 mm). The sectan face
rammer shall operate in such a manner that
the vertex of the sector is positioned at the
center of the speamen. The mechanical ram
mer shall be cahibrated and adjusted. as nec
exsary, in accordance with 3 23

3.2.3 Cahbration and Adpusiment - The me
chanical rammer shall be calibrated, and adjusted
as necessary, before initial use; near the end of
each period during which the mold was filled

1000 umes, before reuse afler anything, including
repairs, which may affect the test resulls sigmfi-
cantly; and whenever the test results are ques-
tionable. Each calibration and adjusiment shail
be in accordance with Methods [ 2168.

33 Sample Eaviruder (optional) = A jack.
trame or other device adapted for the purpose
ol exttuding compacted specimens trom the
mold

3.4 Balunces - A balance o seale of
least 20-kg capacity sensitive 1ot 1 g and @
balance of at least 10-g capacity seostiive
o +000g.

3.5 Drying Oven, thermostatically con-
trolled, preferably of the forced-drafl type. ca
pable of maintaining a temperature of 230
9°F (110 £ 5°C) for determining the moisture
conlent of the compacted specimen.

3.6 Straightedge- - A suff metal straighiedge
of any convenient length but not less than 10
in. (254 mm). The scraping edge shall have a
straightness tolerance of £0.005 in (£0 13 mm)
and shall be beveled 1if it is thicker than ¥ 8
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(3 mm).

3.7 Sieves. 3in. (75 mm). Ye-in. (19 .0-
mm)and No. 4 (4 75-mm). conforming to the
requirements of Specification E 1|

38 Muing  Tools —Miscellaneous  tools
such as mixing pan. spoon, trowel. spatula
ete., or a suitable mechamcal device for tho, -
oughly mixing the sample of soil with incre-
ments of water.

4. Procedure

4.1 Specimen Preparanon - Select a repre-
sentative portion of quantity adequate 1o pro-
vide, after sieving. an amount of material
weighing as follows: Mcthod A -25 |b (1
kg), Methods B, C, and D -50 1b (23 kg).
Prepate specimens in accordance with cither
4.1.1 through 4.1 o1 4.1 4.

4 1.1 Dry Preparation Procedure - If the
sample 1s oo damp 10 be friable. reduce the
moisture content by drying until the material
is friable; we 4.1 2. Drying may be in air or
by the use of a drying apparatus such that the
temperature of the sample does not exceed
140°F (60°C)  After drying (if requircd),
thoroughly break up the aggregaions in such
a manner s 1o avoid reducing the natural size
of the particles Pass the material through the
specified sieve as follows: Methods A and B —
No. 4 (4.75-mm); Methods C and D — Ya-iny.
(190-mm). Correct for oversize material in ac-
cordance with Section 5, «f Method D is speci-
fied.

4.1.2 Whenever practicable, soils classified as
ML, CL, OL, GC, SC, MH, CH, OH and PT by
Test Mcthod 1) 2487 shall be prepared in accord-
ance with 4.1 4

4.1.3 Prepare a senies of at least four speci-
mens by adding increasing amounts of water (o
cach sample so that the moisture contents vary
by approximately 1'2 %. The moisture contents
selected shall bracket the optimum moisture con-
tent, thus providing specimens which, when com-
pacted, will increase in mass to the maximum
densuity and then decrease in density (see 7.2 and

7.3). Thoroughly mix cach specimen (0 ensure
even distnbution of moisture throughout and
then place 1n a separate covered container and
aliow 10 stand prior to compaction in accordance
with Table 2 For the purpose of selecting a
standing tume 11 1y not iequired (o perform the
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actual classification procedures descnbed 1n Tesy
Mcthod DD 24%7 (except in the case of referee
testing), if previous data exist which provide a
basis for classifying the sample.

4.1.4 Moist Preparation Method--The fol.
lowing aliernate procedure is recommended for
soils classified as ML, CL, OL., GC, SC, MH,
CH, OH, and PT by Test Mcthod D 2487 With-
oul previously drying the sample, pass it through
the Ye-1n. (19.0-mm) and No. 4 (4 75-mm) sieves.
Cormect for oversize matenial in accordance with
Secuon S, if Mcthod DD is spevified. Prepare a
senes of at least four specimens having moisture
contents that vary by approximately 1% %. The
moisture contents selected shall bracket the op-
timum moisture conient, thus providing speci-
mens which, when compacted, will increase in
mass to the maximum density and then decrease
in densily (sec 7 2 and 7.3). To obtain the appro-
pnate moisture content of each specimen, the
addition of a predetermined amount of waler
(see 4.1.3) or the removal of a predetermined
amount of moisture by drying may be necessary.
Drying may be in air or by the use of a drying
apparatus such that the temperature of the spec-
imen does not exceed 140°F (60°C). The prepared
specimens shall then be thoroughly mixed and
stand, as specified in 4.1.3 and Tablc 2, prior to
compaction.

NOTE 3 - With practice, it 1y usually possible to
visually judge the point of optimum  moisture

closcly enough so that the prepared specimens will
bracket the puint of optimum mossture content

4 2 Specimen  Compuaction - Select the
proper compaction mold, in accordance with
the method being used, and attach the mold
extension collar. Compact cach specimen
three layers of approximately cqual heght
Each layer shall receine 25 blows in the case
of the 4 (101 6-mm) mold: cach fayer shall
recenve 56 blows in the case of the 6-n
(152 4 mm) mold. The totat amount ol ma-
tenial used shall be such that the third com-
pacted layer is shightly above the top of the
mold, but not exceeding e an. (6 mm)
During compaction the mold shall res on 4
untform nigid foundation, such as provided by
a cylinder o cube of concrete weighing not
less than 2001b (91 k)

A2y operanng the manual rammer.
care shal’ faken o avond rebound of the

ramuncei |, 1w tap end of 1he gudesleeve

Gl

The gudesiceve shall be held steady and
within 5 deg of the vertical Apply the blaws
ata undorm rate not exceeding approxungtely
Lds per blow and i such & manner ay 10
provide complere tnerage of the speaimen
surlace

422 Following compachion, remove  (he
extension collar, carcfully 1nm the compacted
speaimen even with the lop ol the mold by
means of the straightedge and determune the
mass of the speamen. Divide the mass of the
compacted specimen and mold, aunus the
mass of the maid, by the volume of e mold
(see 313y Record the result ay (e welt
density, y,.. pounds per cubic foot (or
kilograms Per cubic metre) of the compacted
specimen

423 Remo ¢ the material lrom the mold
Determime mosture content in accordance
with Mcthod D 2216, using cither the whole
Seamen or alternainely g representatine
speamen of the whole specimen. The whole
specimen must be used when the permeabiliy
of the compacicd speamen s high enough so
that the mosture content as not distnbuted
vmlotnly throughout 1f he whole specimen
1S used, break at up o facilitgie drying. Obuan
the representaine Speamen by shang the
tompacied specimen axially thiough the cen-
tevand removing 100 10 500 g ol matenial
Irom one of the cut taces.

4.24 Repear 42 through 4.2 3 for cach
speamen prepared

5. Oversire ( orrections

ST H 3% o more ol the sample s
whamed on o4 Yy (1Y 0-mm) sieve, then
hone ol the methods described under these
methods shall be ived lor the determmanon
of cither maximu densty or opiimuam maos.
ture conten

52 Methodv A and B —The matenal e
tined on the No 4 .75 mm) sicve s dis-
carded and no OVETSMIZE cortection i muade
However, n gy recommended  thin i (he
amount ob mutenal retained iy 7 Or greater
Methad C be used nstead

S 3 Method € - The matcrial tetaned on
the Yo (19 0 mm) sieve s discarded and
o Oversize corre gon s made. However . f
the wmount of tenal detained w10 €, o

greater, 1t 1y req (  ded that Method D be
used instead

Dégs

5S4 Method D

5 4.1 This method shatl not be used unles
the amount of material tetained on the Y4 n
(19.0-mm) sieve is 10 % o greater. When
the amount of material retained on the Yoqn
steve is less than 10 %, use Mcthod ¢

5.4.2 Pass the material retained on the ‘e
n (19.0-mm) sieve through a 3-in o 75-mm
sweve Discard the material retamned on the 3
in. sicve. The material passing the 3-in yeve
and retained on the Ye-in. stieve shall be
replaced with an equal amoun: of material
Passing a Ya-in sieve and retained onaNo 4
(4.75-mtm) sieve. The material for replace-
ment shall be taken from an unused portion
of the sample .

6. Calculations

6.1 Calculate the maoisture content and the
dry density of cach compacied specimen 1y
follows -

w (A BB O < 100
and
Yo = lyu/iw ¢+ 100)] » 10
where
W - anonsture content in percent of the com
pacted specimens
A mass of container and moist spedinien
= mass of container and oven-dried spec
imen,
C = mass of contatner,

Ya = dry density, in pounds per cubic foot (or
kilograms per cubic metre) of the com-
pacted specimen, and

Yo wet density. i pounds per cubiue foot
(or kilograms per cubic metre) ol the
tompacted specimen.

7. Muislure-l)enu'ly Relationship

71 From the data oblained in 6 1 plot the
dry density values o ordinates with corre
sponding moisture conients as abscissas Draw
a smooth curve connecuing the plotted points
Also draw a curve termed the “curve of com-
plete saturatjon” or “zero air vouds curve” on
this plot. This curve represents the relationship
between dry density and corresponding mos-
ture contents when (he voids are complerely
filled with water Values of dry density and
L"urlcspundlng Mmonlure coatents for plotung
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puted using the following cquation:

we 7 1(62.4/y))  (1/G)) x 100

where.

Weai maoisture . ontent in percent for com-
plete satu ation,

ys = dry density in pounds per cubic foot
(or kilograms per cubic metre),

G, spectfic gravity of the material being
tested (see¢ Note 4), and

62.4  density of water in pounds per cubic

foot (or kilograms per cubic metre).

Nutt 4—The specific gravity of the matenal can
aither be assumed or based on the weighted average
values of: (a) the specific gravity of the maicrial passing
the No. 4 (4.75-mm) sieve in sccordance with Test
Mcthod D 854; and (b) the apparent specific gravity of
the matcnal retained on the No. 4 sieve in accordance
with Test Method C127.

7.2 Optimum Mossiure Content, w,—The
moisture content corresponding to the peak
of the curve drawn as directed in 7.1 shall be
termined the “‘opusmum moisture content.”

7.3 Maxvnum Density ,y,,., — The dry den-
sity in pounds per cubic foot (or kilograms per
cubic metre) of the sumple at “optimum mois-
ture content” shall be termed “maximum
density.”

8. Report
8.1 The report shall include the following.

TABLE 1 Vehmme of Waler per Gram based on
Temperatare”

Temperature, °C (°F) Volume of Waler, mi/g
12 (536) 1.00048
14(572) 1 00073
16 (60 8) 100103
18 (64.4) 1 00138
20 (68.0) 1007
2 Me) 1.00221
nus2) 1.00268
26(788) 1 00320
W (814) 100375
30(860) 100435
32 (89.60) 100497

* Values othes thun shown may be oblained by referring
0 the Handbook of Chemusiry and Physics, Chemical
Rubber Publishing Co , Cleveland, Ohio
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8 1.1 Mcthod used (Method A, B, C. of
D)

8.1.2 Optuimum mosture content

8.1.3 Maximum density.

8.1 4 Descrption of rammer
manual or mechanical).

8.1.5 Description of appearance of matenal
used in test, based on Practice D2488 (Tey
Mecthod D 2487 may be used as an alternative).

8.1.6 Origin of material used in test.

8.1.7 Pieparatton procedure used (moist
or dry).

(whether

9. Precision

9.1 Criteria for judging the acceptability of
the maximum density and optimum moisture
conlent test results are given in Table 3. The
standard deviation, s, is calculated from the
equation:

v P Sua
n - 1 1

where:
n = oumber of determinations,
x = individual value of each determination,
and
numencal average of the determinations.
tons.

9.2 Criteria for assigning standard devia-
tion values for single-operator precision are
not available at the present time.

X =

TABLE 1 Dry Preparstion Method — Standing Thmes

Qassificaion D 2487 Minimum Standing Time,
OW, GP,SW 5P no requirement i
GM, SM k]

MI., CL,OL, GO SC I8
Mit, CH, Ol PT 36

Gl

TABLE 3 Precidea

TABLE 4 Metric Equivelents for Figs. | and 2

Accecptable
an Range of Two
5};"‘3"0 Results, Fx-
e esused as
ton, 3
ercent of
) Mcan Valuc*
Smgie-operator precision:
Mazimum deasity S [RJ
Opti [ . 95
Multilaboraiory precision:
Mazimum denaity *1.66 40
Op / +0.86 150

* This column indicates a limiting range of values which
should not be ¢ ded by the dill b any two
results, expresscd as a percentage of the average value In
coopesative test programs it has been detcrmined that 95 %
of the tests do not exceed the limiting scoeptable ranges
shown below. All values shown in this table are based on
sversge test results from a variety of differeat soils and are
mbject to future revision.

in mm
0016 041
0.020 0 66
Y 080
‘e 16
‘s 32
‘s 64
"ha 87
‘e 95
‘h 127
Se 159
2 508
2'h 638
4 101 6
4's 1080
4'2 1143
§.584 116 43
6 152 4
6'/2 1651
8 2032

'l. cm'
e - 944
0.004 1
Yisan 2124
D 0009 28
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The wlerance on the beight 1s goveroed by the aliowable volume and diameter 1okerances

Noie 2 The methods shown for suaching the cxtension collar 1o the mold and the mold 1o the base plate are
reccommended fowever. other methods are scceplable. providing the attachments are equally as ngid a3 those showa
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Standard Test Method for

An American Nationgl Stande g

ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF

SOILS’
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1. Scope
11 Thismclbodoovculpmeuiumfocdcla-
mining the ratc and magnitude of consolidation
o[wilwhenilislwninedhteullylndknded
and drained axially.
I.ZﬂicvnluusuwdinSluninmlobe
regarded as the standard. The values stated in
inch-pound units are approximate.
1. Applicable Documnents

2.1 ASTM Syandards: )
D422 Method for Particle-Size Analysis of
Soils?

D423 Test Method for Liquid Limit of Soils®

D424 Test Method for Plastic Limit and Plas-
ticity Index of Soils’

D854 Test Method for Specific Gravity of
Soils?

D 1587 Method for Thin-Walied Tube Sam-
pling of Soils®
D 2216 Metbod for Laboratory Determination
of Water (Moisture) Content of Soil, Rock,
and Soil-Aggregate Mixtures?
D3550 Practioe for Ring-Lined Barrel Sam-
pling of Soils?
3. Semmary of Method
3.1 The method requires that an clement of
s0il be restrained laterally and axially loaded
in increments with a constant stress being ap-
plied until all of the excess pore water pressures
have dissipated for cach increment. During the
compression process measurements of decrease
in the sample height are made and these data
arc used 0 comput: the paramcters that de-
scribe the relationship between the effective
Stress and void ratio or strain and describe the
Tale at which compression can oocur.

4. Siguificance and Use
4.1 The compressibility of soils as deter-

a8 edisorial chaage since the last revision or reapproval

medﬁomlhhlalisoncoflhcmoﬂuum
Ppeopestics that can be obtained from labora
testing. The data from llnecomoliczl‘llionw&:-y
mbeuledlodevelopmuum;wofbothlhg
rate and the amount of both differential ang
wmtla-enlollmaunotlllndﬁn
Estimates of this type arc often of key impor.
unceinﬁlluehuingafounduiontypend
secondly in cvaluating its adequacy.

5. Apparates

5.1 lodDak&Auiubledevszornp
plyin!vaﬁcnlk)‘dnmtbewmeﬂ-md’
viecllouldheup.bho[minuinin;lpedﬁd
loads for long periods of time with an
oftO.SioftheapphedMlndM
permit application of a given load increment
wilhinlpathIZI.withoulligniﬁﬂnlil

pact.
3.2 Consolidometer— A device 10 hold the ‘0.

specimen in a ring which is either fixed (o the
bucorllonin;(mpponcd by friction on pe-
n of specimen) with porous stones oa
u‘:ezoe of the specimen. The consolidometer
thall also provide means for submerging the
specimen, for applying a vertical load, and for
measuring the change in height of specimen
The consolidometer ring shall conform 1o the
following requirements:

3-2.1 Minimum Specimen (Ring) Diameter-
The mwimum specimen diameter shall be 50
mm (2.00 in), and shall be at deast S mm (%

D-18 on Sodl and Rock and s the direct
MDII.MnWMdS&
Ol'n-luﬁin-w(h 31, 1980. Publishod
1980. Originally published as D 2433 - 63 T. Lamt previous o
oa D 2435 - 70.
? Anwsenl Book of ASTM Siandards, Vol 04 08
' Duscostiaued, soc 1983 Aneal Book of ASTA Sanderdh,
Voi 0408,

"'n.-uhuiuaumamc_!-‘: P
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10.) less than the inside diameter of the sample
tube if samples are extruded and trimmed.
522 Minimum Specimen Height—The min-

eter-Lo-height ratio shall be 2.5,

5.24 Rigidity The rigidity of the ring shal
be such that, uader hydrostatic stress conditions
in the specimen, the change in diameter of the

under the greatest load applied.

525 The ring shall be made of a material
ihat is noncorrosive in relation (o the soil tested,
The inner surface shail be highly polished of
shall be coated wi ) o low-frictio i
Silicon grease is ™ -ommended or polytetra-
fluoroethylene for nonssady soils.

me diameter as the top stone. The use of
Wpered stones is recommended, with the larger
fameter in contact wig' the soil.

5.3.2 The sione thick 1e3s shall be sufficieng
© preveni breaking. 1 e top stone shall be
baded through a COITOsion-resistant plate of
:loﬂicicm rigidity 10 preven: breakage of (he

ne.

54 Storage—. Storage of sealed samples
tould be such that N0 moisture is Josg during
Rorage, that is, no evidence of partial drying of
ends of the samples or shrinkage. Time of

vith the sample tubes.
54 Sample Preparation Environmen; -

Test specimens shall be prepared in aa environ-
meot where s0il moisture change during
aration docs not exceed 0.2 %, (A bigh humidy
motsture room is usually used for this purpose.)
5.5 Temperature —Tegs should be per-
formed in an environment where temperature
fluctuations are Jess than + 4°C (1.2°F) and
there is not any direct coatact with sunlight,
5.6 Trimmer, or cylindrical cutter, for trim-

5.7 Balance, sensitive to 0lgorwdl%of
the total mass of (he teg; specimen,

5.8 Drying Oven, that can be maintained
uniformly at |10 + S°C (230 + 9°F)_ A fo10ed-
draft oven isrecommended.

5.9 Exiensometer, 1o measure change in
height of the specimen with a sensitivity of

including
spatulas, kn ves, wire saws, used in preparing

5.1l Moisture C, onient Containers, shall be i
accordance with Method D 2216.

6. Sampling

6.1 Relatively undisturbed samples should be
obtained and used for consolidation testing bo-
CGause the meaningfulness of the results dimin-
ishes greatly with sample disturbance. Method
D 1587 and Practice D 3550 cover procedures
and apparatus thag may be used o obtain satis-
factory sampies for testing.

removed with a wire saw. For sufr souls, a
sharpened straighiedge aloge may be used for

'll:a'llnkncd,f-ﬁhqmpa
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inmnuag the top and bottom It desired, the
specumen height may be made less than the
ring height by panial extrusion and tnmnung,
provided the mintmum specimen thickness re-
quucments tn 5.2.2 and 5.2.3 are met. A speci
men nng with the cutting edge attached pro-
vides the most accurate it in moist soils.

NOTE - - Precautions should be taken (o minimize
disturbance of the soil or changes 10 moisture and
density dunng sample Lransporiation and preparstion
Vibraton, distortion, and compression must be
avouded

7.2 Fibrous sauls, such as peat, and those soils
that are casily damaged by tnmming, may be
transferred directly from the sampling tube 1o
the nng provided that thc ring has the same
diameter as the sample tube.

7.3 Specimens obtained using a nng-lined
sampler may be used wathout pnor tnmming,
provided they comply with the requirements of
Practice D 3550 and this method.

7.4 Determune the mass of the specimen in
the consoldaton nng.

8. Calibration

8.1 Assemble the consohidometer with a cop-
per or hard steel disk of upproximately the
samc height as the test specimen and | mm
(0.04 in) smaller diameter than the nag in
place of the samplc. Moisten the porous stones.
If filter papers are 10 be used (sec 5.3), they
should be moistened and sufficient ume for the
moisture to be squeczed from them should be
allowed dunng the calibration process

82 Load and unload the consolidometer as
in the test and measurce the deformation for
cach load applied.

83 Plot or tabulate the corrections to be
applicd 10 the deformation of the test specimen
at cach load applied. Note that the metal disk
will detorm also However, the correction due
10 this deformaton will be neghgible for all but
extremely stfl souls. If necessary, the compres-
sion of the metal disk can be computed and
applied to the corrections.

9. Natursl Moitsture Coalent, Weight, Volume,
Specifiic Gravity, Liquid and Plastic Limits,
and Particle Slze Distribution Determina-
tions

Y1 Use thie matenal tnauned adjacent 1o the
spedtinen (se¢ Section T) 1o determne the nat-
ural masture content v accordanve with
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Method D) 2216 and the specific gravity with Teg
Method D 854, Determine the inthal wet may
of the speccimen by subtracting the mass of
specimen nng from the combined mass of the
specimen ning and the specimen. Determine the
initial volume of the specimen from the diamete,
and height of the specimen. The value of moyy.
ture content determined from the tnmmings i
approximate but permits delermination of the
void ratwo belore the test 1s complete. The moy
accurate determination of the specimen dry magg
and mossture content 1s found by drying the
entire specimen al the end of the test. This pro-
cedure should be used unless a portion of the
specimen is needed for index tests (sec 10.9). The
specific gravity can be estimated where an accy-
rate void ratio 1s not needed.

9.2 The higuid limit, as determined in accond-
ance with Test Method D 423, the plastic limy,
as determined in accordance with Test Method
D 424, and the particle size distnbution, for soils
with substantisl granular material, as determined
in accordance with Method D 422, are useful in
identifying the soil and in correlating the results
of tests an different soils. [t is recommended that
liquid and plastic limits be determined on the
fnmmings or on representative portions of the
test specimen if the soid exhibits significant het-
erogencity.

10. Procedure

10.1 The objective of the preparation of the
stones and other apparatus prior to their con-
tact with the specimen is 10 prevent change in
moisture conient of the specimen. Thus, very
dry, highly expansive soils should be placed on
dry stones but most partially saturated soils
may be placed on stones that have simply been
dampened. If the specimen s saturated and i
believed not to exhibit a high afMinity for water,
the porous stones should be boiled after clean-
ing with a nonabrasive brush and kept satu-
rated until the time of their contact with the
specimen. Assemble the nng, specimen and
porous stones. With the consolidometer assem-
bled, enclose the specimen, ning, filier paper
(when used), and porous stones with a loose-
fitiing plastic or rubber membrane to prevent
change in specimen volume due 1o evaporation
'his step may be omitted if the specimen s to
be wnund ! atter the first load increment is
apphed o { ided in 108

¢h

10.2 Place the consolidometer in the loading
device and apply a seating pressure of 5 kPa
(100 1b{/ft*). Within 5 min afler application of
the seating load, adjust the exiensometer dial
gage for the initial or zero reading. (For very
soft soils a scating pressure of 2 or 3 kPa (about
50 1b/N?) or less is desirable.)

10.3 Place loads on the consolidometer (o
obtain pressures on the soil of approximaltely
5, 10, 20, 40, 30, ctc., kPa (100, 200, 400, 800,
1600, ctc., Ibf/A%), with each pressure main-
tained constant as required in 10.4. (Smaller
mcrements may be desirable on very soft spec-
imeas of when it is desirable to determine the
preconsolidation pressure with more precision.)
Loading of the specimen should continue 1to
the virgin compression region 30 that the slope
and shape of ithe virgin compression curve may
be assessed. Typically, a final pressure that is
oqual to or greater than four times the precon-
wlidation pressure of the sample is required
for this assessment. In the case of overconsoli-
dated clays in particular, it may be desirable 10
us¢ an unloading: reloading cycle to better eval-
uate recompisssion parameters, bui such a pro-
cedure is optional.

10.4 For at least two load increments (in-
cluding at least one load increment after the
preconsolidation pressurc has been exceeded),
record the height or change 1 height of the
specimen before cach pressure increment is
applied and at time intervals of approximaicly
0.1,0.2505,1,2,4,8, 15 and 30 min, |, 2, 4,
8, ctc, h, measured from the time of each
incremental pressure application. These time-
rate readings need be oblained only for satu-
rated specimens. Readiogs should continue at
least until the slope of the charactensuic linear
sccondary compression portion of the thickness
versus log of time plot 1s apparent (see 11.1),
unless the method 11.6 1s used, in which case
Ihe next loading may proceed as soon as 00
% consolidation is completed. (For soils that
have slow pnmary consolidation, pressures
should be applied for at least 24 b In extreme
cases, or where secondary compression musi be
evaluated, they should be applied much
longer.) Then apply the next pressure incre-
ment For pressure increments where ume ver-
sus deformation data arc not required, the load
should be lefl on the sample tor essentially the
samc length ol ¢ ~ when time versus defor
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mation readings are taken. Sutlicient rcadings
should be taken near the end of the pressure-
increment period to allow for any aeeded ex
trapolation of the time-deformation curve.

105 §f thickness versus square root of ime
plots are 10 be made, the time intervals may be
adjusted 10 those that have casily obtained
square soots, for cxample, 0.09, 0.25, 049, |
min, 4 min, 9 min, ctc.

10.6 Rebound— Where rebound or unload-
ing characteristics are desired, unload sail by
pressure decrements in reverse order. However,
if desired, each successive load can be only onc
fou.th as large as the proceding load. Record
ar time intervals as suggested in 104. Note,
however, that for most soils the rebound wall
be complete in less time than would be required
for an increment of load dunng pnmary con-
solidation, but sufficient readings should be
waken 1o vérify (hat rebound is essentially com-
plete.

10.7 An alternative loading, unlosding, or
reloading schedule 1. ay be employed that re-
prouuces the construction stress changes, or
obtains better definition of some pan of the
siress-deformation curve, or aids in interpreting
the ficld behavior of the soil. This should be
clearly indicated on the test results.

10.8 If the test is performed on an undis-
turbed sample that was cither saturated under
field conditions or obtained from below the
water table, it should be inundated afier the
first load increment is applied. As inundation
and specimen wetling occur, the load should be
increased 1f required, to prevent the specimen
from swelling, unless it tends to swell under the
estimated 1n situ vertical stress. If the specimen
compresses afler inundation, simply record the
amount of compression. Specimens also may
be inundated at pressures that simulate future
inundation under ficld conditions. in such
cascs, the pressure at inundation and any re-
sulting cffects, such as expansion or increased
compression, should be noted in the test results

109 To minimize swell during disassembly.
the specimen should be rebounded back 10 4
very small stress and dismantied quickly after
relcasing the final load on the specimen. Re-
move the specimen and the ring from the con-
solidometer and wipe the free water from the
nng and specimen. Remove the specimen from
the ring and determine its mass, oven dry W




<

and reweigh 1t 10 obtain the dry mass of solids
and the final water content. If the original soil
sample 18 very heterogencous, any index tests
should be performed on a portion of the test
specimen and the remainder can be used for a
final water content measurement. Porous stones
should be boiled clean after the iest to prevent
clay from dryin;, on them and reducing their
permeability

11, Cakulation

i1l From those increments of load where
ume-rate readings are oblained, plot the defor-
mation readings versus the log of time (in min-
utes) for each increment of load or pressure as
the test progresses, and for any increments of
rebound where time versus deformation data
have been obtained.

11.2 Find the deformation representing
100 % pnmary consolidation for cach load
increment. First draw a straight linc through
the points representiog the final readings and
that exhiba a straight line trend and o flat
slope. Draw a sccond straight linc tangent to
the sicepest part of the deformation-log time
curve. The intersection represents the defor-
mation corsesponding to 100 % primary con-
sohdation. Correct the deformation at 100 %
consolidation in accordance with the results of
the calibration (see Section 8). Compression
that occcurs subsequent to 100 % primary con-
solidation is defined as secondary compression.

11.3 Find the deformation representing 0 %
primary consolidation by selecting the defor-
mations at any 2 imes that have a ratio of | 10
4. The dcformation corresponding (o the larger
of the iwo umes should be greater than ¥% but
less than % of the total change in deformation
for the load incre ment. The deformation cor-
responding 10 0 % primary consolidation is
equal 10 the deformation corresponding to the
smaller ume interval less the difference in the
deformations for the two selected times.

11.4 The deformauon corresponding o 50
% pnmary consohdation for each load incre-
ment is equal o the average of the uncosrected
deformalions corresponding to the 0 and 100
% deformations. The ume required for 50 %
consolidation under any load increment may
be found graphically from the deformation-log
tume curve for that load incremeni by observing
the lime that corresponds 10 50 % of the primary
consohdation of the curve.
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1.5 For each load increment for which
time-ralc readings were oblained, compute h,
coefhicient of consolidation, ¢, as follows:
00SH’®

C, -

s

where:

H = sample height in metres (feet) for a doy.
bly draincd sample at 50 % consolid,.
tion,

o = time for 50 % consohdation 1n years, ang

¢, = coefllicient of consolidation in m*/yey,
(N*/ycar).

if H s .o millimetres and ¢ in seconds o

minutes, ¢, will be expressed in mm?/s o

mm’/min, respectively, and conversion 10 more

convenient units is desirable.

11.6 An aliernalive procedurc requiring 4
plot of deformation versus the square root of
time in minutes may be used to determine the
points of 0 and 100 % consolidation as weill ay
the coeflicient of consolidation for cach load
mcrement. The initial pant of the curve is ap-
proximated by a straight line. The line is ex-
trapolated back to 1 = 0. The corresponding
deformation ordinate represents 0 % primary
consolidation. A second straight line is drawn
through this point so that the abscissa of this
line is 1.15 times the abscissa of the siraight
line approximation of the initial pan of the
curve. The intersection of the new line with the
deformation-square root of time curve corre-
sponds 1o 90 % primary consolidation. The
deformation at 100 % primary consolidation is
% more than the difference in deformations
between 0 and 90 % consolidation. Similarly,
the deformation at 50 % consolidation is % of
the difference between that at 0 and 90 %. The
coefficient of consolidation can be found from
the time of 90 % consolidation by the formuls:

021447

€, > ——

where:

H = sample height for a doubly drained sam-
ple a1 90 % consolidation, m (or fi),

tw = time for 90 % consohdation, years, and

¢, = cocficient of consolidation, m?*/year
(N?/year).

If H 1s in millimetres and ¢ in seconds or

minutes, the units of ¢, will be mm?/s of

mm*/min, respectively, and conversion to more

convenient units 15 desirable. The square 1008

b

of ime method may also be used (0 obtan a
value of o, if desired.

11.7 Compuie initial void ratio, water con-
ent, unit weight, and degree of saturation,
pased on the dry weight of the total specimen.
specimen volume is computed from measurc-
gents of the container ring height and diame-
er. Volume of solids is computed by dividing
e dry weight of specimen by the specific
gavity of the solids times the umit weight of
water. Yolume of voids is assumed (0 be the
difference between the specimen volume and
he volume of the solids.

11.8 Compute void ratio corresponding to
00 % primary consohdation (using correcied
dgeformation readings) for cach load. As an
sliernative, compulte percent compression al
100 % primary consolidation for cach load from
the initial sample height. As a second alterna-
uive, compute void ratios (or values of percent
wmpression) using the deformation values ob-
wined after a selected time interval that shall
wclude some portion of secondary compres-
won, and such time interval shall be the same
fot each load increr :nt. However, if the “equi-
librium” value chosen 15 other than the 100 %
phmary consolidation point, a noic to this ef-
fect should be included with the test results. It
should be noted that the second alternative
cted above will result in somewhat tower val-
ues of the preconsolidation pressure than arc
obtained when the 100 % primary consolidation
points arc used.

12. Report

12.1 The report shall include the following
information:

12.1.1 Idenufication and description of the
test sample, including whether soil 15 undis-
urbed, remolded, compacted, or otherwise pre-
pared,

12 1.2 Imitial and final moisture content,

12.1.3 Dry mass and iniual and final wet
unit weight,

12 1.4 Ininal percentage saturation,

12.1.5 Specific gravity of solids or Auterberg
Limit gradation data il obtained,

12.1.6 Specimen dimensions,

12 1.7 Condition of test (patural moisture or
inundated, pressure  inundation),

12.1.8 Preparatior procedure used rclanve
o tnmmung, state wvhether specimen  was
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trimmed, extruded ducctly nto the rning. or
tested directly 1n a sing from a ning-hined sam-
pler,

12.1.9 Plot of log of ume or square root ol
time versus deformation, for those load ncre-
ments where time-rate readings werce taken. For
organic or highly micaceous soils, or other sols
with appreciable secondary compression, it is
highly desirable that log of time plots extending
into the secondary compression region be in-
cluded,

12.1.10 Plot of void ratio versus log of pres-
sure curve or percent compression versus log of
pressu- ¢ curve,

12.1.11 In cases where time rate of consoh-
dation readings have been takea (or several
load increments, a plot of cocfficient of consol-
idation versus log of average pressuie. As an
alternative, a plot of log of coeflicient of con-
solidation versus log of average pressuie curve
may be used. The method used for computing
c. should be noted. If ume-raie readings were
abtained for only two load increments, simply
tabulate th values of ¢, versus the average
pressure for the increment,

12.1.12 All depantures from the procedurc
outlined, ncluding special loading sequences
For example, it may be desirable to inundate
and load the specimen precisely in accordance
with the wetting or loading pattern expected in
the ficld in order (0 best simulate the response.
Smaller than standard load increment ratios
may be desirable for soils that arc highly sen-
silive or whose response is highly dependent on
strain rate.

13. Precision and Accuracy

13.1 Section $ of this method specifies the
sensitivity of the load and deformaton mea-
surements. The corresponding accuracy of the
applied stress and resultant strain in the spea-
men can be computed from the specimen di-
mensions. The accuracy with which the test
results can be apphied 10 the field vanies from
case 1o case and depends on:

13.1 | The quality of samples used.

13 1.2 The number of samples tested,

13.1.3 The veriical and horizontal distribu-
tion of the samples tested. and

13 14 The heterogencity of the soil profite
in the hield

13.2 A staustical analysis that includes both
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the sampling program and the laboratory test
results is required to assess, in any meaningful
way, the accuracy with which the test results
apply to the ficld. In the absence of such an
analysis, most engincers assess the applicability
of the 1est results 10 the field qualitatively by

The Amercan Socsety for Tunn‘ and Maierials iakes mo posuion respecting the validity
dard Users of this siamdard are expresaly advised ¢
of any such pasent rights, and the nsk n/u(rhgnnnu of such rip us. are entirely their own responsbility.

conneciion with any iem in this
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woking at the variation in the test resulta
.ae vanations in the boring logs. In genena),
can be noted that the accuracy of set
predictions based on consolidation tesis i
crease (on a percentage basis) with the cog
pressibility of the soil.

any paient righis asserted ,

b o]lhm%

Thus siandard is subpect to revision ai any (ime by (Ae respon.bie rechnical commistee and wust be reviewed every five you,
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‘ﬂb Designation: D 4310 - 84

Standard Test Method for

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF

SOILS’

Tius sandard i3 1sucd under the fixed deugastion D 4318: the number immediately following the designation indscates the year of
angrnal adoption or. 10 the case of revision. the year of last revision. A number is parcathesss indicaies Lhe yeor of last respproval.

A superscript epaidon (¢} indicates an editorial change snce the last

fevisaon o reapproval.

s test method Aas been approved for use by agencies of the Depariment of Defense and for lisiing in ihe DoD Index of Specificaions

od Si

1. Scope

1.1 This test method covers the determination
of the liquid limit, plastic limit, and the plasticity
,ndex of soils as defined in Section 3.

1.1.4 Two procedures for preparing test spec-
ymens and two procedures for performing the
liquid limit are provided as follows:

A Multpoint test using a wet preparation
procedure, described in Secuons 10.1, 11,
and 12.

Multipoint test using a dry preparation
procedure, described in Sections 10.2, 11,
and 12.

One-point test using a wet preparation pro-
cedure, described in Sections 13, 14, and
15.

One-point test using a dry preparation pro-
cedure, described in Sections 13, 14, and
15.

The procedure to be used shall be specified by
the requesting authority. If no procedure is spec-
ified, Procedure A shall be used.

NoTE 1 —Prior 10 the adoption of this lest method,
a curved grooving tool was specified as part of the
apparatus for performing the liquid limit test. The
curved tool i3 oot conmdered to be as accurate as the
flat tool described in 6.2 since it does not control the
depth of the soil in the Liquid limit cup. Howevey, there
are some data which indicate that typically the liquid
hmit is shightly increased when the flat tool is used
nsiead of the curved ool

1.1.2 The plastic limit test procedure is de-
wribed 1n Sections 16, 17, and 18. The plastic
hmit test is performed on matenal prepared for
the hiquid limut test. In effect, there are two

procedures for prepanng test specimens for the
plastic limit test.

163

1.1.3 The procedure for calculating the plas-
ticity index 1 given in Section 19.

1.2 The liquid limit and plastic limit of soils
{along with the shrinkage limit) are often collec-
tively referred to as the Atterberg limits in rec-
ognition of their formation by Swedish soil sci-
entist, A. Atterberg. These limits distinguish the
boundarics of the several consistency states of
plastic soils.

1.3 As used in this test method, soil is any
natural aggregation of miner J or organic mate-
rials, mixtures of such materials, or artificial mix-
tures of aggregates and natural mineral and or-
ganic particies.

1.4 The multipoint liquid limit procedure is
somewhat more ime consuming than the one-
point procedure when both are performed by
experienced operators. However, the one-point
procedure requires the operator to judge when
the test specimen is approximately at its liquid
limit. In cases where this is not done reliably, the
multipoint procedure is as fast as the one-point
procedure and provides additional precision duc
to the information obtained from additional
trials. It is particularly recommended that the
multipoint procedure be used by inexperienced
operators.

1.5 The correlations on which the calculations
of the one-point procedure are based may not be
valid for cerain soils, such as organic soils or

' This tem method is under the junsdicton of ASTM Com-
mitioe D-18 on Soul and Rock and i the direct respoasbulity of
Subcomautiee D18.0) oa Texture, Plasticity and Deamty Char-
acteristics of Souls.

Current odition approved Oct. 26, 1984, Publishad December
1984. Onganally published as D 4318 - §3. Las previous ediuon
D 4318 - 83
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soils from a marnne environment  The hquad
Lhmit of these soils should thercfore be deter-
nined by the multipoint procedure (Procedure
A

1 6 The hiquid and plastic hmits of many soils
that have been allowed 1o dry belore testing may
be considerably different from values obtained
on undred samples. 16 the hiquid and plasuc
hinuats of sois are used to correlate or estimate
the engineering behavior of soils i their natural
moist state, samples should not be permitted to
dry before testing unless data on dried sampies
are specifically desired.

1.7 The composiion and concentration of
soluble salts 1n a soil affect the values of the
hqud and plastic limits as well as the water
content values of soils (see Method D 2216).
Speaial consideration should therefore be given
to soils from a manoc environment or other
sources where high soluble salt concentrations
may be present. The degree to which the salts
present 1o these soils are diluted or concentrated
must be given consideration if meaningful results
are to be obtained.

1.8 Since the tests descnbed herein are per-
formed only on that portion of a soil which passes
the 425-um (No. 4)) sieve, the relative contn-
bution of this portion of the soil to the properties
uf the samplc as a wholc must be considered
when using these Lests 10 evaluate the propertics
of a suil.

19 The values staled 1n acceptable metnc
units are 10 be regarded as the standard. The
values given in parentheses are for information
only.

L. 10 This standard may involve hazardous
muaterials. voperations, and equipment. This
stundard does not purpont to address all of the
sqlety problems associated with its use. It is the
responsibility of whoever uses 1his standard 10
consult and establish appropriate safety and
health practices and deteriune the applicabiliy
of regulatory imutations pr.or to use

2. Applicable Documents

21 ANTM Standards

C 702 Mcthods for Reducing Fieki Samplces of
Aggregate to Testing Size?

D> 75 Practice for Sampling Aggregaics’

13 420 Recommended Practioe for Investigat-
ing and Sampling Soil and Rock for Engi-
neering Purposcs®

Terd

D 4318

D653 Terms and Symbols Relating 10 Soy
and Rock*

D 1241 Speaification for Matenals for Soy
Aggregale Subbase, Base, and Surfag
Courses*

12 2216 Mcthod for | aboratory Determinatiog
of Water (Moisture) Content of Soil, Roc,
and Soil-Aggregate Mixtures*

2 2240 Test Method for Rubber Propeny -
Duromeler Hardness®

) 2487 Test Method for Classification of Sog
for Engincenng Purposes*

D 2488 Practice for Descnption and 1denuf
cation of Soils (Visual-Manual Procedurey

D 3282 Practice for Classification of Soils and
Soil-Aggregate Mixtures for Highway Coa
struction Purpuses*

E 11 Specification for Ware-Cloth Sieves
Testing Purposes®

E 319 Mcthods of Tesuing Single-Arm Ba
ances*

E 898 Mecthod of Testing Top-Loading, D
rect-Reading Laboratory Scales and Ba
ances®

3. Definitioas

3.1 Auerberg imus—onginally, seven “hmis
of consistency” of fine-grained soils were defind
by Alben Atterberg. In current engineenng usag.
the term usually refers only to the liquid limi
piastic imit, and in some references, the shnnk
age limit.

3.2 consistency—the relative ease with whiod
a soil can be deformed.

3.3 liqud limit (LL)—the water content, »
percent, of a soil at the arbitranly defined bound
ary between the liquid and plastic states. The
water content is defined as the water content ¥
which a pat of soil placed in a standard cup ad
cut by a groove of standard dimensions will flor
together at the base of the groove for a distans
of 13 mm (% in.) when subjected 10 25 shodd
from the cup being dropped 10 mm in a stands®
liquid limit apparatus operated at a rate of !
shocks per second.

} Annual Book of ASTM Siandards, Vol 04.02

" Annwal Book of ASTM Siandards, Vois 04 02, 04.03. ¥
0408

¢ Anaual Baok of ASTM Standards, Vol 04 08

¥ Annual Book of ASTM Standards, Vol 09 01

* Annual Book of ASTM Standards, Vol 1402

Nott 2—The undrained shear strength of sosl al the
uquid humit 1s considerexd o be 2 0.2 kiPa (0.28 pu).

3.4 plastic imu (PL1)—the water content, i1n
percent, of a soil at the boundary between the
plastic and bnitlke states. The water content at
this boundary is the water content at which a soil
can no longer be deformed by rolling into 3.2
mm (4 1n.) in diameter threads without crum-
bling.

3.5 plustic sorl—a soil which has a range of
water content over which it exhibits plasticity
and which will retain 1ts shape on drying.

3.6 plasticity index (Pl)—the range of water
content over which a soil behaves plasuically.
Numencally, it 1s the difference between the lig-
uid himit and the plastic limat.

3.7 hquidity index—the ralio, expressed as a
percentage, of (/) the natural water content of a
sosl minus its plastic hmat, 10 (2) its plasticity
index.

3.8 actvity number (4)—the ratio of (1) the
plasticity index of a soil 10 (2) the percent by
weight of particles having an equivakent diameter
smaller than 0.002 mm.

4. Summary of Method

4.1 The sample is processed 1o remove any
matenal retained on a 425-um (No. 40) sieve.
The liquid limit is determined by performing
tnals in which a portion of the sample is spread
in a brass cup, divided in two by a grooving tool,
and then allowed 10 flow together from the
shocks caused by repeatedly dropping the cup in
a standard mechanical device. The multipoint
liguid limit, Procedures A and B, requires three
or more tnials over a range of water contents o
be performed and the data from the trials plotied
or calculated 10 make a relationship from which
the liquid limit 1s determined. The one-point
liquid limit, Procedures C and D, uses the data
from two trials at one water content multiplied
by a correction factor 10 detcrmine the liquid
limit.

4.2 The plasuic limn is determined by alter-
Nately pressing together and rolling into a 3.2
mm (%4 in.) diameter thread a small portion of
Plastic soil until its water content ts reduced to a
point at which the thread crumbles and is no
longer able 10 be pressed together and rerolled.

"The water content of the soil at this stage is

feported as the plastic limit.

{ 765

D 4318

4.3 The plasucity index 15 calculated as the
differcnoe between the hiquid limit and the plastic
limit.

5. Significance and Use

5.1 Ths test method is used as an intcgral pan
of several enginecring classification systems to
charactenze the fine- grained fractions of soils (sec
Test Method D 2487 and Practice D 3282) and
10 specify the finegrained fraction of consiruc-
tion malcnals (see Specification D 1241). The
liquid limit, plastic limit, and plasticity index of
soils are also used cxtensively, either individually
or together with other soil properties to correlate
with engineering behavior such as compressibil-
iy, permeability, compactibility, shnnk-swell,
and shear sirength.

5.2 The liquid and plastic hmits of a soil can
be used with the natural water content of the soil
to express its relative consistency or hquidity
index and can be used with the percentage finer
than 2-um size to determine its activity numbes.

5.3 The onc-puint liquid hmit procedure is
frequently used for routine classification pur-
poscs. When greater precision is required, as
when used for the acceptance of a matenal or for
correlation with other icst data, the mulupoint
procedure should be used.

5.4 These mcthods aic somctimes used to
evaluate the weathering characteristics of clay-
shale matcnals. When subjected (0 repeated wet-
ting and drying cycles, the liquid limits of thesc
maienials tend 10 increase. The amount of in-
crease is considered to be a measurc of a shale’s
susceptibility to weathening.

5.5 The liquid himit of a soil containing sub-
stantial amounts of organic matter decreases dra-
matically when the soil is oven-dried before test-
ing. Comparison of the hquid umit of a samplc
before and afler oven-drying can therefore be
used as a qualitative measure of organic maticr
content of a soul.

6. Apparatus

6.1 Liquud Limu Device—A mechanical de-
vice consisting of a brass cup suspended from a
carniage designed (o control its drop onto a hard
rubber hase. A drawing showing the essenual
features uf the device and the critical dimensions
is given in Fig. 1. The design of the device may
vary provided that the cssential functions are
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proseived. The device may be operated either by
a hand crank of by an ¢lecine motor.

6.1 1 Buse— Lhe base shall be hard rubber
having a I Durometer hardness of 80 1o 90, and
a resthence such that an 8-mm (%ie-1n ) diameter
polished sicel ball, when dropped from a height
of 25 cm (9 84.in) will have an average rebound
of at ieast 80 % but no more than 90 %. The tests
shall be conducted on the finished base with feet
attached.

6.1.2 Feet—The base shall be supported by
rubber feet designed to provide isolation of the
base from the work surface and having an A
Durometer hardness no greater than 60 as mea-
sured on the finished fect attached to the base.

6.1 3 Cup—The cup shall be brass and have a
weight, including cup hanger, of 185 (0 215 g

6.1.4 Cam—The cam shall raise the cup
smoothly and continuously 1o its maximum
height, over a distance of at lcast 180° of cam
rotation. The preferred cam motion is a uni-
formly accelerated lift curve. The design of the
cam and {ollower combination shall be such that
there is no upward or downward velocity of the
cup when the cam follower leaves the cam.

Noit 3-—The cam and follower design in Fig. | is
for emformly acccleruted (parabolic) motion afier con-
tact and assures that the cup has no velocily at drop
off Other cam designs ulso provide this feature and
may be used. However, if the cam-follower lifi paltern
1s nut known, zero velocity at drop off can be assured
by carefully filing or machining the cam and follower
50 that the cup hewght remains coastant over the last 20
10 457 of cam rowation.

6.1.5 Curriage---The cup carnage shall be
construcied in a way that allows convenient but
secure adjusiment of the height of drop of the
cup to 10 mm (0.394 in.). The cup hanger shall
be attached to the carniage by means of a pin
which allows removal of the cup and cup hanger
for cleaming and inspection.

6.1.6 Optional Motor Drive—As an aiterna-
live to the hand crank shown in Fig. |, the device
may be equipped with a motor 1o turn the cam.
Such a motor must turn the cam at 2 10
revolutions per second, and must be isolated
Irom the rest of the device by rubber mounts or
10 some other way that prevents vibration from
the motor being transmitied (o the rest of the
appaiatus. It must be equipped with an ON-OFF
swilch and a means of convemently positioning
the cam for height of drop adjustiments The
tesults obtained using a motor-driven device
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must not difler from those obtained using 3
manually operated device.

6.2 Flut Grooving Tool—A grooving tool hay
ing dimensions shown in Fig 2. The tool shalj
be made of plastic or noncortoding metal. The
design of the 100l may vary as long as the essenuig)
dimensions are maintained. The 100l may, by
need not, incorporate the gage for adjusting the
height of drop of the hiquid hmit device

63 Guge—A metal gage block for adjusting
the height of drop of the cup, having the dimen.
stons shown in Fig. 3. The design of the tool may
vary provided the gage will rest securely on the
base without being susceptible to rocking, and
the edge which contacts the cup dunng adjust
ment is straight, at least 10 mm (% in.) wide, and
without bevel or radius.

6.4 Containers— Small corrosion-resistan!
containers with snug-fitting lids for water content
specimens. Aluminum or stainless steel cans 2 §
cm (1 in.) high by 5 cm (2 in.) in diameter are
appropnale,

6.5 Balance—A balance readable 10 at least
0.01 g and having an accuracy of 0.03 £ withia
three standard deviations within. the range of use.
Within any 15-g range. a difference between read-
ings shall be accurate within 0.01 g (Notes 4 and
5).

No1t 4--See Mcthods £ 898 and E 319 for an ax-
planation of terms relating 1o balance performance

NOTE 5—For frequent use, & top-loading type bal
ance with automatic load indication, readable 10 0.0}
8. and having an index of precision (standard deviauon)
of 6003 or better is most suitable for this method
However, nonautomatic indicating equal-arm analyl-
cal balances and some small oqual arm top pan balances
having readabititics and sensitivities of 0.002 g or betier
provide the sequired accuracy when used with a weight

set of ASTM Class 4 (National Burcau of Standards
Class P) or better. Ordinary ¢ reial and cl

type balances such as beam balances are not suitabie
for this method

6.6 Storage Contwiner—A container in which
10 store the prepared soil specimen that will nol
contaminate the specimen in any way, and which
prevents moisture loss. A porcelain, glass, of
plastic dish about 11.4 cm (4% in ) in diameter
and a plastic bag large enough 10 enclose the dish
and be folded over is adequate.

6.7 Ground Gluss Plate—A ground glass plate
at least 30 cm (12 in.) square by | ¢m (% in)
thick for mixing soil and rolling plastic hmit
threads.

6.8 Sparula A spatula or pull knife having 4

blade about 2 cm (% in.) wide by about 10 cm
(4 1n.) long. In addition, a spatula having a blade
about 2.5 cm (1 1n.) wide and 15 ¢m (6 in.) long
has been found useful for initial mixing of sam-

6.9 Sieve—A 20.3 cm (8 1n.) diameter, 425-
pm (No. 40) sicve conforming to l_hc re(!uiu-
ments of Specification | 11 and having a rim at
Jeast 5 cm (2 in.) above he mesh. A 2-mm (No.
10) sicve meeting the .ame requircments may
also be needed.

6.10 Wash Boule, or similar container for
adding controlied amounts of water 10 soil and
washing fines from coarse particles.

6.1} Drying Oven—A thermostatically con-
trolled oven, preferably of the forced-drafl type,
capable of continuously maintaining a tempera-
ture of 110 £5°C throug hout the drying chambes.
The oven shall be equi ped with a thermometer
of suitable range and accuracy for monitoring
oven temperature.

6.12 Washing Pan—A round, flat-bottomed
pan at least 7.6 cm (3 in.) deep, slightly larger at
the bottom than a 20.3-cm (8-in.) diameter sicve.

6.13 Rod (optiv ral}—A metal or plastic rod
or tube 3.2 mm (%n.) in diameter and about 10
cm (4 1n.) long for jud; ng the size of plastic limit
threads.

7. Materials

7.1 A supply of distilled or demincralized wa-
ter,

8. Sampling

8.1 Samples may be wken from any location
that satisfics testing needs. However, Methods
C702, and Practice D75, and Rocommended
Practice D 420 should be used as guides for -
lecting and preserving sampies from various
types of sampling operations. Sampics which will
be prepared using the wet preparation procedure,
10.1, must be kept at their natural water coatent
Prior (0 precparation.

8.2 Where sampling operations have pre-
%erved the natural siratification of a sampie, the
vanous strata must be kept separated and tests
Performed on the particular stratum of interest
With as little contamination as possible from
Other strata. Where a mixture of matcrials will
be used in construction, combine the various
Components in such proportions that the result-
ant sample represents the actual construction
Case.
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8.3 Where data from this test method are to
be used for correlation with other laboratory or
ficld test dala, use the same material as used for
these tests where possible.

8.4 Obtain a representative portion from the
total sample sufficient 10 provide 150 to 200 g of
material passing the 425-um (No. 40) sicve. Free
flowing samples may be reduced by the methods
of quartering or splitting. Cohesive samples shall
be mixed thoroughly in a pan with a spatula, or
scoop and a representative portion scooped from
the total mass by making one or more sweeps
with a scoop through the mixed mass.

9. Calibration of Apparatus

9.1 Inspection of Wear:

9.1.1 Liquid Limit Device—Determine that
the liguid limit device is clean and in good work-
ing order. The following specific points should
be checked:

9.1.1.1 Wear of Base—The spot on the base
where the cup makes contact should be worn uo
greater than 10 mm (% in.) in diameter. If the
wear spot is greater than this, the base can be
machined 10 n move the worn spot provided the
resurfacing doc . not make the base thinner than
specified in 6.1 and the other dimensional rela-
tionships are maintained.

9.1.1.2 Wear of Cup—The cup must be re-
placed when the grooving tool has worn a de-
pression in the cup 0.1 mm (0.004 in.) decp or
when the edge of the cup has been reduced to
half its original thickness. Verify that the cup is
firmly antached to the cup hanger.

9.1.1.3 Wear of Cup Hanger—Verify thai the
cup hanger pivot does not bind and is not worm
10 an cxtent that allows more than 3-mm (W-in.)
side-10-side movement of the lowest poini oo the

nm.

9.1.1.4 Wear of Cam—The cam shall not be
worn 10 an cxtent that the cup drops before the
cup hanger (cam follower) loses contact with the
cam.

9.1.2 Grovving Tools—Inspect grooving tools
for wear on a frequent and regular basis The
mpidityofwardepcndsonlhcmlahlﬁo,n
which the tool is made and the types of soils
being tested. Sandy soils cause rapid wear of
grooving 1o0ols; therefore, when esting these ma-
lcrial;wdsd\ouldheinspecwdmaeﬁaqwfllfy
than for other soils. Any tool with a lip width
greater than 2.1 mm must not be used. The depth
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of the up of the grooving tool must be 79 10 8.1
mm

Nott 6. The widih of the up of giooving ols 1s
convemently chevhed using & pocket-sized measunng
magmifier equipped with a millimetre seale. Magnifiers
of this type are available from most laboratory supply
companies  Fhe depth of the up of grooving tools can
be chevked using the depth measunng feature of vernicr
cabipers.

92 Adpasiment of Heght of Drop—Adjust the
heght of drop of the cup so that the point on the
cup that comes in contact with the base nses o
a height of 10 202 mm. Sec big. 4 lor proper
location of the gage relative to the cup during
adjustment

Note 7 A convement procedure tor adjusting the
height of drop 1s as follows. place a piece of masking
tape acruss the outsede bottom of the cup paraliel with
the anis of the cup hanger pivot. The edge of the tape
away from the cup hanger should bisext the spot on the
cup thal contacts the base. For new cups, placing a
piece of carhon paper on the base and allowing the cup
to drop several nmes will mark the contact spot Atwach
the cup o the device and turn the crank unul the cup
ts raised 10 its matimum height. Shide the height gage
under the cup from the front, and observe whether the
gage contacts the cup or the wape. See Fig 4 if the tape
and cup are both contacted, the height of drop 1s
approximately cotrect. I not, adjust the cup unul st-
multancous contact 1s made Check adjusiment by
tuming the crank at 2 revolutions per second while
holding the gage 1n position against the tape and cup
I a ninging ur cheking sound is heard without the cup
nsing from the gage, the adjusiment 1s correct. If no
noging 1s heard or if the cup nses from the gage, readjust
the height of diop If the cup rocks on the gage dunng
this checking operation, the cam follower pivot s ex-
cexsively worn and the worm pants should be replaced
Always remove tape afler completion of adjusiment
operanon.

MULTIPOINT LIQUID LIMIM
A AND B

PROCEDURES

10. Preparation of Test Specimens

10V Wet Preparation- -Except where the dry
method of specimen preparation 15 specified
(10.2), prepare specimens Jur test as descnbed 1n
the following sechons.

1O 1.1 Samples Passing the 425-pum (No 40)
Sweve—-- When by visual and manual procedures
11 1s determined that the sample has bttle or no
matenal retamned on a 425-pum (No  40) sieve,
prepare a specimen of 150 10 200 g by mixing
thoroughly with disulled or demineralized water
on the glass plate using the spatula i desired,
souk so1bin g storage disho with small amount of
walter to solten the soil betore the start of mixing

D4318

Adjust the water content ol the soil to bring o
a consistenc y that would require 25 1o 35 blow,
ol the hquid himut device to close the BT00v,
(Note 8) 1. dunng mixing, a small percentage of
matenal 15 ¢ncountered that would be elainey
on a4 425-pm (No 40) sieve, remove these pan;,
des by hand, f possible 11 1t 1s impractical ¢
remove the coarser matenal by hand, remoy,
small percentages (less than about 15 %)
coarser matenal by working the  specimeg
through a 425-pm (No. 40) sieve using a piece of
cubber sheeting, cubbert stopper, or other convey,.
et device provided the operation does not dyg.
tort the sieve or degrade matenal that would e
retained 1f the washing method described 4
10.1.2 were used. It larger percentages of coarse
matenal are encountered dunng mixing, or 1 5
considered impractical 10 remove the coarser
material by the methods just descabed, wash the
sample as descnbed 10 10.1.2. When the coarse
parhicles found dunng mixing are concretions,
shells, or other fragile particles, do not crush these
particles 1o make them pass a 425-um (No. 40)
sieve, but remove by hind or by washing. Place
the mixed soil in the storage dish, cover 1o pre.
vent loss of moisture, and allow (o stand for at
least 16 h (overnight). Afler the standing penod
and immediately before starting the test, thor-
oughly remix the soil.

Nott 8—The ume laken 10 adequately mix a sol
will vary greatly, depending on the plasticity and imitial
water content. Initial mixing times of more than 30 -
in may be needed for sulf, fat clays

10.1.2 Samples Containing Material Retained
ona 425-pm (No 40) Sieve

10.1.2.1 Select a sufficient quantity of soil al
natural water content to provide 150 10 200 g of
matenal passing the 425-um (No. 40) sieve. Place
in a pan or dish and add sufficient water to cover
the soil. Allow 10 soak until all lumps have
soflened and the fines no longer adhere to the
surfaces of the corase particles (Note 9).

Note 9-- In some cases, the calions of salts presen!
in tap water will exchange wil.: the natural cations n
the soil and significantly alter the test results shoukd 1ap
waler be used in the soaking and washing operations
Unless it is known that such cations are not present it
the tap water, distilled 01 demineralized water should
be used. As a general rule, water contaiming more than
100 mg/l of dissotved sohids should not be usedt for
washing operations

tO 122 When ahe sample contains a large
pereen | matenal retatned on the 425.pm

[

(No ) sieve, perform the following washing
(alON 1IN INCrements, washing no more than
05 k8 (1 Ib) of matenal at onc time. Place the
425-um {No. 40) sieve 1n the botiom of the cican
n Pour the soil water mixture onto the sieve.
“sr.,vcl or coarse sand parnticles are present, rninse
35 many of these as possible with small quantities
of water from a wash bottle, and disc aid. Alter-
aauvely, pour t ¢ soil water mixture over a 2-
mm (No 10) sicve nested atop the 425-um (No.
4) sieve, nnse the fine matenal through and
remove the 2-mm (No. 1)) sieve. After washing
and removing as much of the coarser matenal as
(ble, add suflicient water 1o the pan to bnng
the level 1o about 13 mm (2 1n.) above the surface
of the 425-um (No. 40) sieve. Agitate the slusry
by stimng with the fingers while raising and
Jowening the sieve 1n the pan and swirling the
suspension so tatl fine matenal is washed from
the coarser party les. Disaggregate fine soil lumps
ihat have not slaked by gently rubbing them over
the sicve with the fingertips. Complete the wash-
ng operation by raising the sieve above the water
surface and nasing the matenal retained with a
small amount of clecan water. Discard matenal
retained on the 425-um (No. 40) sieve.
10.1.2.3 Reduce the water content of the ma-
tenal passing the 425-um (No. 40) sieve until it
approaches the liquid himu. Reduction of water
content may be accomplished by one or a com-
tination of the following methods: (a) exposing
the air currents at ordinary room temperature,
{h) expusing to warm air currents from a source
such as an electric hair dryer, (¢) filtenng in a
Buckner funnel or using filter candles, (d) de-
canling clear water from surface of suspension,
of {¢) draining in a colander or plaster of pans
dish lined with high retentivity, high wet-strength
filter paper.' If a plasier of pans dish is used, take
care that the dish never becomes sufficiently
saturated that it fails to actively absorb water into
s surface. Thoroughly dry dishes between uses.
Duning evaporation and cooling, stir the sample
ofien encugh to prevent ovesdrying of the fringes
and soil pinnacles on the surface of the mixture
For soil samples containing soluble salts, use a
method of water reduction such as g or b that
will not ehminate the soluble salts from the test
pecimen
10.1 2.4 Thoroughly mix the matenal passing
the 425 pum (No. 40) sieve on the glass plate using
the spatula. Adjust the water content of the mix-
Wie i pecess. ( adding small increments of
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distilled or denuneralized water o1 by allowing
the minture to dry at room temperature while
mixing on the glass plate. The soil should be at a
water content that will result in closure ol the
groove in 25 to 35 blows. Return the mixed soil
to the mixing dish, cover 10 prevent loss of mois-
ture, and allow to stand for at least 16 h. Afler
the standing period, and immediately before
starting the test, remix the soil thoroughly

102 Dry Preparation

10 2.1 Select sufficient soil 1o provide 150 10
200 g of matenal passing the 425-um (No. 40)
sieve after processing. Dry the sample at room
temperature or In an vven at a temperature not
exceeding 60°C until the soi! clods will pulvenze
readily. Disaggregation is expedited if the sampic
1s not allowed to compictely dry. However, the
suil should have a dry appearance when pulver-
1ized. Pulvenze the sample in a monar with a
rubber upped pestal or in some other way that
does not cause breakdown of individual gramns.
When the coarse particles tound dunng pulven-
zation are concretions, shells, or other fragile
particles, do not crush these particles 10 make
them pass a 425-um (No. 40) sieve, but remove
by hand or other suitable means, such as washing.

10.2.2 Scparate the samplc on a 425-um (No
40) sicve, shaking the sieve by hand 1o assure
thorough separation of the finer fraction. Return
the matenal retained on the 425-pm (No 4)
sieve to the pulverizing apparatus and repeat the
pulvenzing and sieving operations as many Liunes
as necessary 10 assure that all finer matenal has
been disaggregated and matenal retained on the
425-um (No. 40) sicve consists only of individual
sand or gravel grains.

10 2.3 Place matenal remaining on the 425-
pum (No. 40) sieve after the final pulvenzing
operations in a dish and soak 1n a small amount
of water. Sur the soil water mixture and pour
over the 425-um (No. 40) sieve, calching the
water and any suspended fines in the washing
pan. Pour this suspension 1nto a dish containing
the dry soil previously sieved through the 425-
pm (No. 40) sieve Discard matenal retained on
the 425-pum (No. 40) sieve.

10.2.4 Adjust the waler content as necessary
by drying as described in 10.1.2.3 or by ming
on the glass plaic, using the spatula while adding
increments of distdled or demincialized water,

'S oand S S9N dilter papee available i 30 omocircies has
proven salisfactony
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until the soil is at @ water content that will result
in closure of the groove in 25 to 35 blows.

10.2.5 Put soil 1n the storage dish, cover to
prevent loss of moisture and allow to stand for
at least 16 h. After the standing penod, and
immediastely before starting the test, thoroughly
remnix the soil (Note 8).

1. Procedure

I1.1 Place a portion of the prepared soil in
the cup of the liquid limit device at the point
where the cup rests on the base, squeeze it down,
and spread it into the cup 1o a depth of about 10
mm at its deepest point, tapering 10 form an
approximalely honzontal surface. Take care 10
climinate air bubbles from the soil pat but form
the pat with as few strokes as possible. Heap the
unused soil on the glass plate and cover with the
inverted storage dish or a wet towel.

11.2 Form a groove in the soil pat by drawing
the 100l, beveled edge forward, through the soil
on a linc joining the highest point 1o the lowest
point on the nm of the cup. When cutting the
groove, hold the grooving tool against the surface
of the cup and draw in an arc, maintaining the
tool perpendicudar to the surface of the cup
throughout its movement. See Fig. 5. In soils
where a groove cannotl be made in onc stroke
without tearing the soil, cut the groove with
several strokes of the grooving tool. Alternatively,
cut the groove to slightly less than required di-
measions with a spatula and use the grooving
tool 1o bring the groove 1o final dimensions.
Exercise extreme care 1o prevent sliding the soi)
pat relative 10 the surface of the cup.

11.3 Venfy that no crumbs of soil are present
on the base or the underside of the cup. Lift and
drop the cup by tuming the crank at a rate of 1.9
to 2.1 drops per second until the two halves of
the s0il pat come in contact at the bottom of the
groove along a distance of 13 mm (% in.). Sec
Fig 6.

Note 10—Use the cad of the grooving tool, Fig. 2,
or & scale (0 verify that the groove bas cosed 13 mm
("rn.).

11.4 Venfy that an air bubble has not caused
premature closing of the groove by observing that
both sides of the groove have flowed together
with approximately the same shape. If a bubble
has caused premature closing of the groove, re-
form the soil in the cup, adding a small amount
of soil 10 make up for that lost in the grooving
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operation and repeat 111 1o 11.3. If the sof
shides on the surface of the cup, repeat ||
through 11.3 at a higher water content. I, aflg
several tnals al successively higher water con
tents, the soil pat continues to shde 1n the cup o
it the number of blows required 1o close the
groove is always less than 25, record that the
hquid limit could not be determined, and repon
the soil as aonplastic withoul performing the
plastic himil test.

11.5 Record the number of drops, N, required
to close the groove. Remove a slice of soil ap
proximatcly the width of the spatula, extending
from edge 1o edge of the soil cake at nght angles
to the groove and including that portion of the
groove in which the soil flowed together, place in
a weighed container, and cover.

11.6 Retumn the soil remaining in the cup o
the glass plate. Wash and dry the cup and groov-
ing 100l and reattach the cup 10 the camage in
peeparation for the next trial.

{1.7 Remix the entire s0il specimen on the
glass plate adding distilled water 1o increase the
water content of the soil and decrease the number
of blows required to close the groove. Repeat
11.1 through 11.6 for at least iwo additional triaks
producing successively lower numbers of blows
to close the groove. One of the tnals shall be for
a closure requining 25 to 35 blows, onc for closure
between 20 and 30 blows, and one trial for s
closure requining 15 to 25 blows.

11.8 Determine the water content, W, of the
soil specimen from cach trial in accordance with
Method D 2216. Make all weighings on the same
balance. Initial weighings should be performed
immediately afier completion of the test. If the
test is to be interrupted for more than about 15
min, the specimens already obtained should be
weighed at the time of the interruption.

12. Cakculations

12.1 Plot the relationship between the water
content, Wy, and the corresponding number of
drops, N, of the cup on a semilogarithmic graph
with the water content as ordinates on the arith-
metical scale, and the number of drops as abscis
sas on the logarithmic scalc. Draw the best
straight line through the three of more plotied
points.

12.2 Take the water content corresponding (0
the intersection of the line with the 25-drog
abscissa as the liquid limit of the soil. Computa-
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tional methods may be substituted for the graph-
ical method for fitting a straight line 10 the data
and detcrmining the liquid hmit.

ONE-POINT LIQUID LIMIT—PROCEDURES
C AND D

13. Prepanation of Test Specimens

13.1 Prepare the specimen in the same man-
ner as descnbed in Section 10, except that at
mixing, adjust the waler content Lo a cOnSISIENCy
requinng 20 to 30 drops of the liquid limit cup
to close the groove.

14. Procedure

14.1 Proceed as described in 1.1 through
11.5 except that the number of blows required to
close the groove shall be 20 to 30. If less than 20
or more than 30 blows are required, adjust the
water content of the soil and repeat the proce-
dure.

14.2 Immediately after removing a water
content specimen as descnibed in 11.5, reform
the soil in the cup, adding a small amount of
soil to make up for that lost in the grooving and
water content sampling operations. Repeat 11.2
through 11.5, and, if the second closing of the
groove requires the same number of drops or no
more than two drops difference, secure another
water content specimen. Otherwise, remix the
entire specimen and repeat.

N 11 —Excessive drying or inadequate miing
will cause the number of blows 10 vary.

14.3 Determine water contents of specimens
as described in 11.8.

15. Calculations

15.1 Determine the hiquid limit for cach water
content specimen using onc of the following

equations:
N [ RP1]
LL = “,4(5-5) or

LL = K(Wx)

where:
N = the number of blows causing closure of the
groove al water content,
W, = water content, and
K = a factor given in Table |.
The liquid limit is the average of the two tnal
liquid limit values.
15.2 If the difference between the two Inal

‘D438

liquid himut vatues is greater than onc percentage
point, repeat the test.

PLASITIC LIMIT
16. Preparation of Test Specimen

16.1 Select a 20-g portion of soil from the
matenal prepared for the hquid hmit test, either
after the second mixing before the test, or from
the soil remaining after completion of the test.
Reduce the water content of the soil to a consist-
ency at which it can be rolled without sticking to
the hands by sprcading and mixing continuously
on the glass plate. The drying psocess may be
accelerated by exposing the soi) 10 the air current
from an electinc fan, or by blotting with paper
that does not add any fiber to the soil, such as
hard surface paper towehng or high wet sirength
filter paper.

17. Procedure

17.1 From the 20-g mass, sclect a portion of
1.5 10 20 g. Form the test specimen into an
cllipsoidal mass. Roll this mass between the palm
or fingers and the ground-glass plaie with just
sufficient pressure 10 roll the mass into a thread
of uniform diameter throughout its length (Note
12). The thread shall be further deformed on
each stroke so that its diameter is continuously
reduced and its length extended until the diam-
eter reaches 3.2 £0.5 mm (0.125 £.020 n)),
taking no more than 2 min (Note 13). The
amount of hand or fingers pressure required will
vary greatly, according 1o the soil. Fragile souls of
low plasticity are best rolied under the outer cdge
of the palm or at the base of the thumb.

NoTe 12—A normal rate of rolling for most soils
should be 80 10 90 strokes per minute, counuing 8
stroke as one complete motion of the hand forward and
back 10 the starting position. This rate of rolling may
have to be decreased for very fragile soils.

NoTE 13—A 3.2-mm (%-in.) diameter rod or lube
1s useful for frequent companson with the soul thread
10 ascenain when the thread has reached the proper
diameter, especially for inexperienced operators.

17.1.1 When the diameter of the thread be-
comes 3.2 mm, break the thread into scveral
picces. Squeeze the pieces together, knead be-
tween the thumb and first finger of cach hand,
reform .nto an cllipsoidal mass, and reroll. Con-
tinue this alternate rolling to a thread 3.2 mm in
diamcter, gathenng together, kneading and re-
rolling, until the thread crumbles under the pres-
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sure required for rolling and the sol can no
longer be rolled into a8 3.2-mm diametes thread
(Sec Fig. 7). It has no significance if the thread
breaks into threads of shorter length. Roll each
of thesc shorter threads to 3.2 mm in diameter.
The only requirement for conlinuing the test 1s
that they are ablke to be reformed into an cllip-
soidal mass and rolled out again. The operator
shall at no time attempt to produce fadure at
exactly 3.2 mm diameter by allowing the thread
to reach 3.2 mm, then reducing the rate of rolling
or the hand pressure, of both, while coatinuing
the rolling without further deformation uatil the
thread falls apart. |t is permissible, however, Lo
reduce the total amount of deformation for fecbly
piastic soils by making the initial diameter of the
cllipsoidal mass nearer o the required 3.2-mm
final diameter, If crumbling oocurs when the
thread has a diameter greater than 3.2 mm, this
shall be conssdered a sausfactory cod point, pro-
vided the soil has been previously rolied into a
thread 3.2 mm in dismeter. Crumbling of the
thread will manifest itsclf differently with the
various typc: of soil. Some soils fall apart in
numerous sm.ail aggregations of particles, others
may form an outuide tubular layer that starts
splitting at both ends. The splitting progresscs
toward the middic, and finally, the thread falls
apart in many small plaly particics. Fat clay soils
require much pressure to deform the thread,
particularly as they approech the plastic limut.
With these soils, the thread breaks into a senes
of banrel-shapoed scgments about 3.2 10 9.5 mm
{% to % in) in length.

17.2 Gather the portions of the crumbled
thread together and place in a weighed container.
Immediately cover the container. )

17.3 Sciect another |5 to 2.0 g poruon of soil
from the onginal 20-¢ spocimen and repeat the
operations described in 17.1 and 17.2 uotid the
container has at leas1 6 g of soil.

17.4 Repeat 17.1 through 17.3 to make an-
other container holding at least 6 g of soil. De-
termine the water content, in percent, of the soil
contained in the conlainers 1n accordance with
Mcthod D 2216 Make all weighings on the same
balance

MoTE 14 --The intent of performing two plastc
Lumut trials 8 W ventfy the conusiency of the st esults.

It s acceptable practie Lo perform only one plastc
unut tnal when the consistency in the 1688 results can
be confinmed by other means

D 4318

18. Cakculations

18.1 Compute the average of the 1wo way,
contents. If the difference betwoen the (wo way,,
coolents 1s greater than two peroentage poim\
repeat the test. The plasuc imit ss the average
the two water contents.

PLASIICTTY INDEX

19. Calculations
19.1 Calculate the plastialy index as followy,
Pl = LI - PL
where:
L1 = the hqud limit,
Pl = the plastic limit.

Both LI and Pl arc whole numbers. If eithey
the liquid imit or plastic limit could not be
determined, or if the plastic limit is equal to o
greater than the liqusd limit, repon the soil
nonplastic, NP.

20. Report

20.1 Report the following information:
20.1.} Sample wdentifying information,
20.1.2 Any special specimen selection proces
used, such as removal of sand lenses from undis-
turbed sample,
20.1.3 Rcport sample as airdnied if the sampie
was airdned before or during preparation,
20.1.4 Laguid himin, plastic limit, and plastic-
iy index 1o the ncarest whole number and omit-
ting the percent designation. If the liquid limit or
plastic limit tests could not be performed, or f
the plastic limit is equal to or greater than the
hiquid himit, repont che soil as nonplastic, NP,
20.1.5 An esumalc of the peroentage of sam-
ple retained on the 425-pum (No. 40) sieve, and
20.1.6 Procedure by which liquid limit was
performed, if 1t differs from the multipoint
method

11. Precision and Bias

21 1t No interlaboraiory testing program has
as yet been conducted using this test method ©
determine multilaboratory precision

21 2 Ihe within laboratory precision of 1he
results of tests performed by different operators
at one laboratory on two soils using Procedure A
for the Baud limit s shown 1o Tabie 2.

(

]

At} Facters lor Obtalminmg | byubé | hmit from Water
(‘g-‘N—hdl}-ﬂ(hﬁ(h-!dGmur

N

(Number of xops)

20
0
22
3
24
23
26
27
28
29
]

K
{Factor for Laguad 1amut)
0974
0919
0985
0990
0.993
1.000
1.005
1009
L0114
1018
1.022

D 4318

TABLE 2 Within | aboratery Precision for | ignid | imit

Sl A
Pt
L

S B
PL
(73

Average Valuc, A

219
29

20t
326

Standard
Deviaboa, s

107
107

121
098
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SOIL BORING LOGS
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Canonie Boring Log
Legend

SAMPLE

No: (Number) Soil samples are numbered cansecutively from the ground su-face. Core samples are
numbered consecutively from tne first core run.

Type: As Ayger Cuttings CR= Core Run MS= Modified Spoon PBe Pitcher Barrel
PT= Piston Tube ST= Shelby Tube SS= Split Spoon (2" 0.0.) wWCa wash (uttings

Intervai: The depth of sampling interval 1n feet dbelow ground surface.

BLOW COUNT
e number of blows required to drive a 2-inch 0.0. split-spoon sampler with a4 140 pouna nammer falling
10-inches. When agpropriate, the sampler is driven 18 inches and Dlow counts are reported for each
6-inch interval. The sum of blow counts for the last two 6-inch intervals is designated as the standard
penetration resistance (N} expressed as dlows per foot.

RECOVERY [N INCHES
The length of sample recovered by the sampling device.

U.S.C.S. SOIL TYPE
T™e Unified Soi) Classification System symdbol for recovered so!! samples determined Dy visual examination
or laboratory tests. Refer to ASTM D2487-69 for & detailed description of procedure and symbols. Under-
lined symbols denote classifications based on Jaboratory tests (ie: M), all others 3re based on visual
classification only.

PERCENT MDISTURE
Natural moisture content of sample expressed as percent of dry weight.

u, TSF

unconfined compressive strength in tons per square 100t obtained Dy Hand Penetrometer. Laboratory
compression test values are indicated by underlining.

CONTACT DEPTH
The contact depth between soi) layers is interpreted from significant changes in recovered samples ang

observations during driiling. Actual changes between soil 'ayers often occur gradatianaily and the
contact depths shown on the boring logs shouid be considered as approximate.

SOIL DESCRIPTION AND REMARKS

Soil descriptions include consistency or density, color, predaminent soil types, and modifying constituents.
3 4
Consistenc § !EEE BTns/Ft. Usng it i|o-s ier :oot |
Yery Soft less than V.25 3-1 Yery Loose T or Tess :
Soft 0.25 to 0.50 2-4 Loose Stol0 I
Medium Stiff 0.50 to 1.00 5-8 Medium Oense 11 to 30 :
Stiff 1.00 to 2.00 9-1§ Dense 31 to SO
Very Stiff 2.00 to 4.00 15-30 Very Danse over S0 '
Hard more than 4,00 Over 30 !
PARTICLE SIZE DESCRIPTION DEFINITION OF TERNS
Boulder = Larger than 12 inches. Trace = 5 to 12 percent by weight.
Cobble 3 to 12 inches. Some = 12 to 30 percent by weight.
ravel » 0.187 to 3 inches. And = Approximately equal fractions,
Send o 0.076 mm t0 4.76 "™, ()e Driller's observation.
Si1t and Clay « Smailer than 0.074 mm.

PIEZ0.
{Piezometer) Screened interval of the pierometer installation is denoted by cross-hatching.

GENERAL NOTE
The boring logs and related information depict subsurface conditions only at the specified locations ana
date indicated. 5Soi) conditions and water leveis at other locations may differ from conditions occurring
at these boring locations. Also the passage o time may result in a change in the conditions at these
boring locations.

SOIL TEST BORING REFUSAL

Oefined as any material causing s Dlow count greater than 50 blows/6 inches. Such material may include
bedrock, “floating® rock stabs, bouldery, dense gravel sesms, or cemented soils. Refusal is usually
indicated in fractional notation showing number of bDlows as the numerator and inches of penetration as the
dencminator .
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BOTTOM SAMPLING DREDGE
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Bottom Sampling Dredge

“his grao type Oredge features tlow through cesign for low drag and goog
Jescent apity Positive acting jaw ang hd control system An excetlent tool tor
obtainving quantitive and qualitative samphing of soft river. stream anc !ake
bottoms. Optional Operating Handle ailows shatiow sampling by hand. 430-350
Bottom Sampling Oredge comes compiete with polyurethane fimished marine
Dlywood carrying case. dredge, messenger, 100° sOunding line. ang screeneg
~ash pucket

Features

e One man operation

Specttications

Materiais Soiig brass with stainiess sleel sonngs ard canles
Chamber voiume 216 cubic :nches 13450 cms

Champer Ormensicns 6 x B w & '82mm x '92mm x '52mm:

Sounaing Line Nylon

imensions 137 ¢ ‘S o« '5 -0 33cm x 3%¢m ¥ I%m carreng Case.
Hodeis

430-350. Bottom Sampling Dredge

Meights
Net 20 1bs 19 xgy. Shog 2815 (13 kg)

Accessories Qptions
430-351. Cperating Hanale. 5
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ROCK CORE LOGS
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Rock Core
Log Legend

CORING DATA
SIZE: The nominal diameter of rock core is designated by:
BQ= 36.5 mm (1.432 inches) AW= 30.1 mm (1,185 inches)
NQ= 47.6 mm {1,875 inches) BWs 42,0 mm (1,555 inches)
HQ= 63.5 mm (2,500 inches) NW= 54,7 mm (2.155 inches)
PQ= 101.6 mm (4.0 inches) NX= 54.0 mm (2.125 inches)

PRESS., PSI: Denotes hydraulic down pressure in pounds per square inch,
RATE, FPM: Denotes drilling penetration rate in feet per minute.

% CR: (Percent Core Recovery) The length of recovered core divided by the length of core run
and expressed as a whole percent,

LOSS: Graphic zone of & ... _uie (solid) or significant drill water losses {cross-hatched).
DISCONTINUITIES
RQD: (Rock Quality Designation) The total length of recovered rock core pieces. 4 inches or longer
divided by the length of core run and expressed as a whole perceat, Mechanical breaks during

sampling are considered as unbroken core.

FPF: (Fractures per Foot) The average number of separations of all types {including mechanical
breakage during sampling) per foot of recovered core.

JOINTS: Natural separations ysually inclined to and crossing the bedding planes. Joint location and
orientation is denoted by angular dip (degrees) with respect to assumed horizontal.

hs horizontal joint, vs vertical joint, s= slickensided joint

Joint filling materials are denoted by: cl= clay Ca= calcite
pys pyrite Fea iron oxide (rusty}
Joint spacing is denoted by: ves very close (less than 2 inches)

¢» close {2 inchec to 1 foot)

mc= moderately close (1 foot to 3 feet)
we wide (3 feet to 10 feet)

vws very wide (greater tnhan 10 feet)

BEDDING

Bedding planes are approximately norizontal unless otherwise stated. Notations include only actual
separations (natural ana mechanical) on bedding planes,

Spacing of bedding separations is denoted by: TT= very thin {less than 2 inches)
TN® thin (2 inches to i foot)
MD* medium (1 foot to 3 feet)
TXK= thick (3 feet to 10 feet)
VT= very thick (greater than 10 feet)

Condition of bedding separation ts denoted as: 0= open s= stained
ts tight ™ mineralized
cl= clay filled

HARDNESS

¥He (very hard) Cannot be scratched with knife, B8reaks under several strong hammer biows witn very
resistant sharp edges.
W= |hard) Can be scratched with knife with difficulty. 3reaks under one or t+0 strong hammer blows
with resistant sharp edges,
MH=  (moderately hard) Can be scratched with xnife, Breaks easily under single hammer Slow with crumo'y
edges.
Sa (sgft) Can be easily scratched or grooved with knife, Breaks under pressyre of pressed hammer,
¥S= {very soft) Can be carved with xnife or scratched with fingernail. Breaxs under finger pressure.

STRENGTH TESTS
Qu: uncenfined compressive strength in tons per square foot,

is: Diametrically loaded point lcaa strength index n pounds per square inch, Parentheses 1ndicate
ax1ally ‘oaded sampies,
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OBSERVATION WELL DIAGRAMS
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Canonie Observation
Well Details

PROJECT No.
WELL No.
PROJECT NAME
BORING LOCATION DATE BY
EL.
- _ﬂ T GROUND SURFACE
v s ’
» ! I )
4 L]
N B
ry L}
0 I
‘Y L
s ! A
LA N
L .‘A
» ‘o
] ,"
* . EL.
T/ ? S TOP OF SEAL
2%
< EL.
i SE5TH TOP OF BACKFILL
- EL.
— T TOP OF SCREEN
d
-
—
=
I— EL.
R BOTTOM OF SCREEN
NOTES: S BOTTOM OF BORING

. NOT DORAWN TO SCALE.

2. SEE BORING LOG
DETAILED SOIL DESCRIPTICN.



Canonie

86—059-897

Observation
Well Details
PROJECT No. 86—059
WELL No.

PROJECT NAME WAUKEGAN HARBOR

BORING LOCATION DATE BY

_/ LOCKING STEEL CAP

NOTES:

NOT CRAWN TO SCALE.

T~ 4" DIA. STEEL PIPE
~N

PVC CAP

GROUND SURFACE

4
7
Z/—l' DIA. SCH 80
“

TOP OF SEAL

7 BLANK PVC PIPE

| __— VOLCLAY GROUT

TOP OF BACKFILL

TOP OF SCREEN

0.010" SLOT
1" DIA. SCH 80
PVC SCREEN

'./—NATURAL WELL—-GRADED SAND BACKFILL

BOTTOM OF SCREEN

BOTTOM OF BORING

TYPICAL WELL DETAIL
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LABORATORY FORMS FOR SOILS ANALYSIS
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APPENDIX H
LABORATORY FORMS FOR SOILS ANALYSIS

Moisture Content Form

Sieve Analysis and 200 Wash Form
Grain Size Curve

Standard Proctor Form
Consolidation Form

Atterberg Limit Form
Permeability Form
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( :anm vironme | WATER CONTENT
eEn nfal DETERMINATION

PROJECT TECTCD BY — __ DATE
PROJECT No. CALC. BY DATE
BORING No. CHKD BY DATE

TARE NO. | | g
TARE + WET SOIL | |
TARE + DRY SOIL | - |
| WATER i
| TARE |
ORY SOIL ‘ | }
WATER CONTENT (%) | ! _ ‘ ,

SAMPLE i |
DEPTH 1 j

WEIGHTS (gm)

TARE NO. |
TARE + WET SOIL |
TARE + DRY SOIL |
. WATER j i
TARE | }
ORY SOIL | |
WATER CONTENT (%) ' i i ‘]
|
I

-

WEIGHTS (gm)

SAMPLE
DEPTH | 3

TARE NO. |
TARE + WET SOIL |
TARE + DRY SOIL | |
WATER | | | | ( |
TARE ; 5 |
ORY SCIL | | | | i i !
WATER CCNTENT (%) | * ! -
SAMPLE | 1 i }

WEIGHTS (gm)




CanonieEnvironmental - SIEVE
ANALYSIS

PROJECT TESTED BY — DATE

PROJECT No. CALC. BY DATE
BORING No. CHKD BY DATE
SAMPLE No. ____ DEPTH

SOIL DESCRIPTION

TARE No.

WT. TARE + WS (BEFORE WASH) (gm)
WT. TARE + DS (BEFORE WASH) (gm)
WwT TARE + 0S (AFTER WASH) (gm)
WT. TARE {gm)

WATER CONTENT

WT. WET SOIL (BEFORE WASH) (gm)
WT. DRY SOIL (BEFORE WASH) (gm)
WT. WATER (gm)

WATER CONTENT (%)

NT. OF TOTAL SAMPLE DRY (BEFCRE WASH) = A (gm) gm
NT. OF TCTAL (+2C0Q) SAMPLE = 8 (gm) gm %
NT. OF TOTAL {=2C0) SAMPLE = C = A-8 (gm) gm e
ACCUMULATIV
. ‘ SIEVE R AE PERCENT
SIEVE . OPENING | mpaN: ) FINER et
! MR P RETAINED (gm) e
3 | 75.0 | |
T 1/2" ! 37.0 | | CCARSE %
Jan r ! '
3/4 : 19.0 | GRAVEL =
3/8 | 9.5 ' FINE 3
44 | 4.75 !
#0 : 2.00 ‘; A COARSE %
i i
420 : 0.85 ! MEDILM 4
. | ;
440 | 0.425 | t SAND ”
480 - 0177 | - "
4200 0.075 ‘ |
PAN 1 T ‘ | FINES ”
Jeo = mm Cud = Ceo /"Dw =
do=_______mm Cc = {Cx)¥(Diwo* Deo) =

I
3
3

-~
~10
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Particle Size

Distribution
PROJECT. PLOTTED 8Y DATE
PROJECT NO. CLASSIFIED BY_____ DATE
BORING NO. CHECKED BY _________ DATE
SIEVE ANALYSIS HYDROMETER ANALYSIS
CLEAR SIEVE JUu.S. STANDARD SIEVE
OPENINGS 'NUMBERS
T /2w Ve 4 10 20 40 80 140 200
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Packing and Shipping Guidelines

I. INTRODUCTION

The Federal Regulations set forth by the Oepartment of Transportation (DOT) for
the packaging, labeling, and shipping of hazardous materials are extensive and
broadly applicable. Therefore, a copy of the 0QT requirements as described in
the Code of Federal Regulations, 49 CFR 171-177, is an essential reference for
those anticipating the need to ship samples of hazardous materials. What
follows are generalized guidelines for compliance with DOT standards, along with
references to the applicable sections in the Federal Register. It may be pru-
dent to cneck with state anu local age:r.ies for any additional requirements or
restrictions they may have.

II. SAMPLE TYPES

[n selecting the proper shipping procedures, it should first be decided which of
the two basic categories the sample falls into: Environmental Sample or

Hazardous Substance Sample. An additional need for this distinction is to pro-

vide bases for selecting health and safety precautions for the laboratory per-
sonnel receiving and handling the samples.

A. Environmental Samples - These are samples of soil, water, or air

usually caollected off-site of a hazardous waste dump or chemical spill,
and are therefore not expected to be contaminated with high con-

centrations of toxic materials. The function of "environmental sample"
collection is usually to monitor the extent of contamination and/or the
off-site transport of contaminated materials. [f there is doubt as to

the suitability of a sample to this classification, it should be placed
in the Hazardous Substance category.

B. Hazardous Substances - Samples falling into this group are known or

expected to be contaminated at concentrations that are potentially
harmful; including, but not limited to, on-site samples of soil or
water, samples from drums or bulk storage tanks, contaminated pools,
lagoons, etc., and leachates from hazardous waste sites. '

Canonie -
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These are operational definitions intended to aid in making decisions concerning
sample handling and shipping. The specifics of the DOT definitions are found in
40 CFR 261.3, and 261.4.

[II. ENVIRONMENTAL SANPLES

Although packaging and shipping requirements for environmental samples
(associated with hazardous waste situations) are not as stringent as for hazar-
dous waste samples, it is recommended that the following general packing proce-
dure be utilized to ensure safe delivery and maintain sample integrity. This
becomes especially important when samples are being transported by common
carrier. If sufficient information is available concerning the nature of the
sampled material, the following may be relaxed accordingly.

SHIPPING OF ENVIRONMENTAL SAMPLES

When a sample is shipped to the laboratory, it must be packaged in a proper
shipping container to avoid leakage and/or breakage. A cardboard box that will
provide at least 10 cm (4 inches) of tight packing around the sample container
must be used. Acceptable packing materials include sawdust, crumpled newspaper,
vermiculite, polyurethane chips, etc. Other samples that require refrigeration
must be packed with reusable plastic packs or cans of frozen freezing gels in
molded polyurethane boxes with sturdy fiberboard protective case. The boxes
must be taped closed with masking tape or fiber plastic tape.

A1l packages must be accompanied by a sample analysis sheet and chain-of-custody
record. Complete address of the sender and the receiving laboratory must
legibly appear on each package. When sent by mail, register the package with
return receipt requested. When sent by common carrier, obtain a copy of the
bill of lading. Post office receipts and bill of lading copies may be used as
part of the chain-of-custody documentation.

[t should be noted that the addition of the following "hazardous" compounds as
preservatives to environmental samples will not alter the Environmental classi-
fications provided the following criteria are met:

Canonie:-



Hydrochloric acid solutions at concentrations 0.04 percent (w/w) or
less;

Mercuric chloride in water solutions at concentrations less than or
equal to 0.004 percent (w/w);

Nitric acid in water, concentrations less than or equal to 0.15 percent
(w/w);

Sulfuric acid solutions, concentrations less than or equal to 0.035
percent (w/w);

Sodium hydroxide in water, concentrations less than or equal to 0.080

percent (w/w);

Phosphoric acid in water, concentrations yielding a pH range between 4
and 2.

Canonie
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FIELD PERMEABILITY TESTS
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FOREWORD

This report was prepared by Woodward-Clyde Consultants, Western Region,
San Francisco, California under USBM Contract Number J0265045. The
Contract was initiated under the Advancing Metal and Non-Metal Mining
Technology Research Program. [t was administered under the technical
direction of the Twin Cities Mining Research Center with Mr. Peter G.
Chamberlain acting as the Technical Project Officer. Mr. David L. Vila
was the contract administrator for the Bureau of Mines.

This report i{s a summary of the work recently completead as part of this
contract during the period October 1976 to August 1977. This report was
submitted by the authors on 31 JUL 77

The authors wish to acknowledge the program direction and constructive
review of this report by Or. Ulrich Luscher, Woodward-Clyde Consultant's
Principal-in-Charge for this project, and contributions to the report

by Ms. Xaren Hee, Staff Geologist and Simon Kisch, staff engineer for
equipment data.
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For constant flow tests, plot H versus log t (Note: I[f transducer is
used to measure head in psi, use conversion 1 psi = 2.31 ft of water).
Find H as t ~ =. This is the steady state head in the well.

For constant head tests, plot Q versus log 1/t. Find Q as 1/t - 0.
This is the steady state flow. For packer tests, prepare one plot
for each applied pressure.

Determine Effective Head at Test Zone (Packer Test Only)

[f pressure is measured with a pressure gage above the ground surface,

the following procedure is necessary. Estimate the head loss, H_, in

the drill rods and hose between the pressure gage and the test section.
This data must be provided by calibrating the equipment before the test,
as described in Section 7.4.4. The head loss H_ = P /v, where P, s ¢
measur.i pressure loss ‘n the system and v, is the unit weight of water.
[f calibration curves have not been developed for the specific test equip-
ment, the head loss HL can be estimated by the use of Figure 7-5.

Hp is the pressure head added by the pump and measured at the pressure
gage.

He1 is the height of the column of water from the bottom of the test
seciYon to the pressure gage.

Then H = Hp + Haley - H_ = the effective head at the test zone.

Note: 1If a pore pressure transducer is used, the effective head at the
test zone is obtained directly by measuring the pressure in the test
cavity and converting to the equivalent head of water.

Determine the "Zone' of the Test
The zones defined below are developed in USBR publication G-97.
Zone 1: Above the water table and unsaturated.

Zone 2: Above the water table, but saturated by capillary action
or close enough to the water table to create a continuous
saturated zone between the tast section and the water table

during the test.

Zone 3: Below the water table.

Let H = the constant height of water in the well or the effective
head, as defined for packer tests.

Dw = the depth from the base of the test section to the ground-

water level or to an impermeable stratum. For purposes of
creating a partially saturated zone in the vicinity of the
test section, an impermeable stratum is equivalent to the
water table (USBR, Earth Manual) (Zones 1 and 2).

L = length of the test section.
H, = the pretest groundwater level in the well,
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vi) Then K = T—'Qﬁ:

where Qc is the constant flow under steady state conditions.

vii) Additional methods of analysis are available if data can also be obtain-
ed from observation wells near the test weil. Refer to Figures 8-12 and
8-13 and determine if the conditions are similar to the conditions of
the test to be analyzed. Figures8-121s for Zone 1, overlying an im-

permeable bed. Figure 8-13 is for Zone 3. The formulas for computing
the permeability are given on each figure.

8.3 WELL PUMPING TESTS

8.3.1 Background

The analysis of well pumping tests has been covered extensively in the
technical literature. The background for the solution methods used here
can be found in the references cited below.

Equations presented in this section may conform to traditional and frequently
inconsistent units of measurement. I[n such cases, two forms of the equation
are given - one which requires those traditional units specified, and one
which is valid for any consistent system of units. The latter form is
referred vo in the text and figures as that valid for “compatible units."”

In the fo:lowing discussion, the water-bearing stratum whose per-
meability is determined by well-pumping tests is called an "aqui-
fer.' [f the aquifer is overiain/underiain by a less permeable
stratum, then that overlying/underlying layer is called an "aqui-
tard."” .

well pumping tests are usually run for a maximum of several days.
As a result of the short time span of the test and the nature of
recharge to the aquifer, equilibrium conditions may not be reach-
ed during the pumping test. Consequently, many well-pumping ana-
lysis methods are for non-steady state conditions, i.e. before
equilibrium is reached. Equilibrium methods are easy to use but
are only appropriate when steady-state conditions have been
achieved.

Figure 7-13 is a schematic of a well pumping test. It defines some
of tne dasic parameters used in the analyses.

Permeabl. ..¥, K, is a function of tne more common hydrologic term,
transmissivity, T. K= T/m where m is the saturated thickness of
tne aquifer. The value "m" {s determined by borings or qther
exploratory methods. As a result of the analysis of the pumping
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HEALTH AND SAFETY PLAN
PRE-DESIGN PHASE
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

The health and safety plan addresses the procedural requirements to protect
workers during the pre-design field exploration activities at the Waukegan
Harbor job site (Site). The specific activities are described in the Work
Plan. The action involves the installation of borings, piezometers,
borehole logging, test pit excavation, well development, site surveying,
and the collection of samples of ground water, soil, harbor sediments, and
recovery of water that has contacted the sediments. This document
describes specific safety procedures which will be utilized for all on-site
personnel involved in the pre-design field activities, including drilling
and excavation subcontractors. The plan will be implemented in accordance
with the OSHA Safety and Health Regulations for Construction, 29 CFR 1926
and OSHA Standards for Hazardous Waste Operations and Emergency Response
(Interim Final OSHA Rule - December 19, 1986), 29 CFR 1910.120.

The plan presents a realistic approach to the anticipated hazards at the
Site, however, site conditions may vary through the duration of the pro-
ject. As actual site conditions change, parts of the plan may be revised
if site conditions warrant. A1l changes in health and safety measures
specified must be approved by the corporate health and safety officer.
Canonie’s corporate health and safety officer is Ms. Irene Fanelli.

A1l information presented in this plan will be presented and available to
all on-site employees and subcontractors. A copy of this plan will be
available at all times on the Site.

The Canonie site health and safety officer for Phase I, pre-design field
exploration activities, will be Mr. Kevin Brissette. Alternate Canonie
health and safety officers are Mr. Peter Romzick or Mr. Mitch Obradovic.
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The site health and safety officer has the authority and responsibility to
implement all aspects of this plan, including termination of all field
activities to resolve health and safety issues. The site health and safety
officer is responsible for updating this plan with approval from a
corporate health and safety officer, as conditions warrant. The project
manager has the overall responsibility for the project including health and
safety. The project manager remains unchosen at this time.
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2.0 SITE CONTROL

The Site will be divided into an exclusion zone, decontamination zone, and
support zone. The zones are defined as follows:

Exclusion Zone - The exclusion zone will be the area within a 50-foot
radius of any drilling, test pit, or sampling activities.

Decontamination Zone - A decontamination zone will be located within
each of the three containment areas, Figure 1. Because the soil
samples are not taken for purposes of chemical analysis, decontamina-
tion will occur only at completion of work in a proposed containment
area.

Support Zone - The support zone is considered to be the areas sur-
rounding the exclusion zone and the decontamination zone.

Only authorized personnel will be ailowed to enter the decontamination and
exclusion zones. Such entry will be Timited to personnel who have demon-
strated compliance with the medical and training requirements for the Site,
and who have the required level of protective equipment.
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3.0 HAZARDS ANALYSIS

Qutboard Marine Corporation (OMC) used hydraulic oil that contained
polychlorinated biphenyls {(PCBs). The PCBs are the only hazardous consti-
tuent of the oil.

The work activities associated with the exploration program present poten-
tial physical and chemical hazards to the workers involved. In all
instances, precautionary measures will be implemented to minimize those
risks.

3.1 Physical Hazards

As on all construction sites, there is a recognized potential for personal
injury due to "struck by/against" accidents. Personal protective equipment
will be required to guard against head, foot, and eye injuries.

Test pits will not be excavated to depths exceeding five feet w:thout
sloping the sides of the excavation to a slope of 1:1 or more or providing
shoring in the test pit. Each test pit will be immediately backfilled and
compacted upon completion.

Soil borings will not be drilled within 15 feet of any overhead power lines
or any underground utilities, 29 CFR 1926.550(a)(15). A1l known power
lines and underground utilities are shown on Figure 1. The exact location’
of overhead and underground utilities will be determined by contacting the
appropriate utilities prior to drilling or digging.

A potential for elevated noise exposure exists during the drilling opera-
tion. This hazard will be controlled through the use of hearing protection
such as ear plugs and/or ear muffs as directed by the health and safety
officer.
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It is not anticipated that heat stress will be a major consideration during
the duration of the pre-design program. The scheduled length of the
exploration is eight weeks. Exposure to cold and wet conditions is
possible during site activities. A1l personnel will be made aware of the
hazard and advised to wear warm clothing and rain suits. Rain gear will be
available for use on-site.

A1l personnel working over or near water, where the danger of drowning
exists, shall comply with U.S. Coast Guard or other safety regulations as

may be applicable.

3.2 Chemical Hazards

Based on previous sampling programs, the contaminant of concern at the site
is PCBs. PCBs are an oily liquid that have adhered to the sands and
sediments at the site. PCBs have a low volatility and therefore the
primary exposure is from airborne dust. Airborne PCBs can be irritating to
the eyes, nose, and throat. PCBs can also be absorbed through the skin,
and can accumulate in the liver and in fatty tissues. PCBs are listed as a
toxic substance in the Toxic Substance Control Act. Personal exposures to
PCBs will be controlled through the use of personal protective equipment as
described in Section 4.0.
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4.0 PERSONAL PROTECTIVE EQUIPMENT

Personal protective equipment will be provided for use by on-site person-
nel. Modified Level D protection will be required as a minimum for all on-
site personnel. Air monitoring levels in excess of the action levels
specified, in Section 8.1, will result in Level C protection being
required. A1l safety equipment will be NIOSH, MSHA approved or in
accordance with 29CFR 1910.134.

The specifics for modified Level D prect-~tion are as follows:

Hardhat;

Neoprene steel-toe boots or work boots;

Rubber gloves;

Safety glasses;

Hearing protection, as required based on OSHA regulations;
Polycoated Tyvek coveralls;

Flotation vests for work from barges.

~N O e W N

In the event the action level is exceeded, it may be necessary to upgrade
the personal protective equipment to Level C.

The specifics for Level C are as follows:

1. Modified Level D protection;
2. PVC rain gear for personnel handling sampling equipment;
3. Dust masks;

Level B protection is not expected to be necessary during the exploration
program. If the site hazards exceed the protection afforded by Level C,
work activities will cease while measures are taken to reduce the specific
hazards.
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The designated site health and safety officer will be responsible for
determining the appropriate level of protection and may designate more
stringent levels than those described, where site conditions warrant such
action. The designated site health and safety officer will not reduce
protection requirements as defined herein, unless granted approval by the
corporate health and safety officer.
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5.0 MEDICAL SURVEILLANCE

A medical surveillance program provides a means of selection of employees
~who are physically able to safely perform the work assigned and monitoring
their health on a regular basis.

The program consists of a pre-employment evaluation to determine fitness
for the job assignment, annual evaluation based on length of assignment,
and an end of employment evaluation. In addition, a special evaluation is
warranted upon notification by the employee that he/she has developed signs
or symptoms indicating possible exposure to hazardous substances.

Medical monitoring will be implemented for all site personnel. All staff
personnel included in an annual medical monitoring program will have had an
examination which includes:

Medical history;

Physical examination;

Pulmonary function test;

Resting EKG;

Urinalysis, including microscopic morphology and dipstick;
Seven frequency audiogram;

Complete blood count with platelets and differential;

SMAC blood chemistry screen;

O ~N O O W N -

A11 personnel employed specifically for the exploration activities and not
on an annual program will receive a pre-employment examination. The pre-
employment examination will include:
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Complete medical history;

Physical examination;

Pulmonary function test;

Resting EKG;

Seven frequency audiogram;

Urinalysis, including microscopic morphology and dipstick;
Complete blood count with platelets and differential;
SMAC blood chemistry screen.

Chest x-ray: 14-inch by 17-inch posterior/anterior;
Lumbar sacral x-ray, two views;

Blood level PCBs.
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6.0 EMPLOYEE TRAINING

A1l personnel on-site will have training and/or prior experience which
meets the requirements of 29 CFR 1910.120. The Canonie corporate health
and safety training program includes a 40-hour course and an annual 8-hour
update training. A1l technical field personnel are included in the train-
ing program. The corporate training program includes the following areas:

S o T I R e I R
W O ~N Oy 0 W~ O

O 0 ~N Oy N & W N —

Chemical hazards;

rnysical hazards,

Toxicology and permissible exposure limits;
Personal protective equipment and protection levels;
Respiratory protection (29 CFR 1910.134);

Air monitoring;

Confined spaces;

Corporate policies and site management;
Supervision of health and safety;

Site control;

Health and safety plans;

Medical monitoring and treatment of injuries;
OSHA compliance;

Personnel training;

Decontamination;

Practical exercises;

Case histories;

Drum handling;

Hazardous materials sampling.
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A1l on-site personnel will receive site-specific training which includes:

Site chemical hazards (including acute and chronic effects);
Site control and decontamination;

Emergency procedures;

Protection levels and equipment;

Proper use and maintenance of protective equipment.

o W N

A1l regulatory personnel and visitors needing access to the exclusion zone
will be expected to demonstrate compliance with these training require-
ments.

Site safety meetings will be held to apprise personnel of specific hazards,
air monitoring results, changes in the Health and Safety Plan, or other
topics determined by the corporate health and safety officer. These meet-
ings will be scheduled at the discretion of the health and safety officer,
but will be held at the initiation of field exploration, at the time of any
crew or subcontractor crew changes, and at least monthly thereafter if
exploration activities continue for more than a one-month period.
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7.0 DECONTAMINATION PROCEDURES

A11 drilling and sampling equipment leaving a containment cell will be
steam cleaned within the proposed boundaries of the containment cell. The
proposed 1imits of the containment cells are shown on Figure 1. Steam
cleaning will be used to remove mud, dirt, and other potential contamina-
tion. The equipment will be inspected after cleaning to verify removal of
contaminated materials. As a minimum, the personnel performing the steam
cleaning will wear rubber boots, gloves, and a rain suit.

A1l personnel exiting the exclusion zone will follow decontamination
procedures at the interface of the exclusion and support zones. The per-
sonnel decontamination procedures will be:

1. At the end of each day, all rubber boots, rubber gloves, and rain
suits will be cleaned with soapy water and long-handled brushes
then rinsed with clean water. The boots and gloves will then be

stored in plastic bags or as directed by the health and safety
officer.

2. All disposable protective clothing will be removed and placed in
plastic bags.

3. The rubber boots, rubber gloves, and rain suits will be inspected
for holes or other defects that compromise the integrity of the
equipment. If such a defect is found, the article will be dis-
carded in the same manner as disposable protective clothing.



Section: 8.0

Revision No.:

Date: August 22, 1988
Page: 13

8.0 AIR MONITORING

The vapor pressure of PCBs indicates that there is little possibility of
volatilization from exposed soils. However, a portable organic vapor
analyzer (OVA) will be available on-site and will be used in a monitor mode
to record the volatile organic vapor level during the site work.

The driller, driller’s helper, and field engineer will wear personal sam-
plers during the first day of drilling along either the East Containment
Cell slur., .all alignmert ~r the Crescent Ditch - Oval Lagoon (West Con-
tainment Cell) slurry wall alignment. The samples will be analyzed to
verify that workers are not exposed to any levels of PCBs above the action
Timits. A1l personal monitoring will be conducted in accordance with NIOSH
Method 5503 and analyzed by an AIHA accredited laboratory.

8.1 Work Area Action lLevels

8.1.1 PCBs

[f the results of the personal monitoring indicate the airborne presence of
PCBs in concentrations in excess of 1 mg/m3, the threshold 1imit value-time
weighted average (TLV-TWA), site activities will cease while operations are
evaluated for options to reduce personnel exposures to within the personal
exposure limit (PEL). Even if PCB exposure is not at levels of concern,
the health and safety officer may designate the use of dust masks in
combination with dust control.

8.1.2 Volatile Organic Compounds

[f OVA measurements reach 10 ppm Time Weighted Average (TWA) above
background for 5 minutes or exceeds instantaneous levels of 100 ppm in the
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breathing zone, employee protection will be upgraded to Level C with use of
a half-face respirator with carbon cartridges.

If OVA measurements reach 25 ppm TWA above background for 5 minutes, in the
breathing zone, employee protection will be upgraded to Level C with the
use of a full-face respirator.

If OVA measurements reach 100 ppm TWA above background for 5 minutes, in
the breathing zone, work activities will cease until airborne hydrocarbon
levels can be reduced to less than 25 ppm TWA.
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9.0 EMERGENCY PROCEDURES

Local treatment facilities will be designated prior to implementation of
on-site activities. Travel routes will also be designated. At least one
person on-site or immediately available will have first aid and CPR
certification.

Emergency phone numbers and contacts are:

Police 623-2131
Fire 623-2121
Victory Memorial Hospital 360-3000
St. Therese Medical Center 249-3900
Poison Control Center (at St. Therese Medical Center) 360-2470

Canonie Corporate Emergency Contacts:

Canonie Office 219/926-8651
Timothy Harrington - Project Manager 219/926-8651
Irene Fanelli - Corporate Health and Safety 415/347-9205
Susan Walker - Corporate Health and Safety 303/367-4469

A first aid kit will be located in the support zone.

A1l injured employees will go through decontamination prior to leaving the
site for medical treatment, if possible. If decontamination procedures may
be expected to further injure or delay critical treatment of the employee,
the employee will be transported without decontamination. Medical response
personnel will be made aware of the need for decontamination, if necessary.

On-site emergencies are expected to be within the capabilities of on-site
personnel. In the event of a fire, accident, or injury, work activities
will cease while the emergency is brought under control. Minor injuries to
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on-site personnel will be treated on-site or at the local facility desig-
nated for the Site. In the event of a major injury or where extensive
movement of the worker may cause further injury, local emergency medical
personnel will be contacted. If the worker can be moved out of the exclu-
sion zone safely, efforts will be made to do so. If not, emergency person-
nel will be admitted to assist the employee. Emergency personnel will be
provided with polycoated Tyvek coveralls, disposable boots, and gloves if
contact with PCBs is likely in responding to the emergency.

Any emergency vehicles entering the exclusion zone are expected to encoun-
ter only minimal contaminaticr - .nce site activities will have ceased in
order to tend to the emergency. As such, decontamination should not be a
concern for emergency vehicles, but will be considered on a case-by-case
basis. The immediate life and health of the injured personnel is con-
sidered to be of utmost importance in comparison to decontamination of an
emergency vehicle, since contamination is expected to pose a negligible
risk to the public at large.
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10.0 RECORD KEEPING

The record keeping program will consist of the following documents contain-
ing the information described:

1. Training/safety meeting record: This record will include the
date, topics covered, persons attending, and the signature of the
person holding the meeting or training session.

2. OSHA [00: This recc? contains the required information for
recording on-site injuries and illnesses. This record is gene-
rated by the corporate health and safety staff, and a copy is
maintained on-site.

3. Medical records: Employee medical records are maintained by the
examining physician, and copies are kept at the Canonie corporate
office. No medical records are maintained on-site.

4. Chain-of-custody: This record is maintained for all soil/water/
air samples collected for chemical analysis. This record contains
the name of all individuals who handle a sample, the sample iden-
tification, analysis requested, and sample destination.

Copies of the forms used for recording training/safety meetings, chain-of-
custody form, and the OSHA 200 form are presented in Appendix A to this
plan.
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11.0 SITE OPERATING PROCEDURES

11.1 General Site Health and Safety and Work Rules

1. No drinking, gambling, or illegal drugs will be allowed on-site.
Anyone reporting to work under the influence of alcohol and/or
illegal drugs shall be subjected to disciplinary action. Any
employee under a physician’s care and/or taking prescribed nar-
cotics must notify the designatéd site health and safety officer.

2. Personal protective equipment is required in designated areas.
Such equipment may include, but is not limited to, respiratory
protection, earplugs, hardhat, rain suits, boots, gloves, poly-
coated Tyvek coveralls, and safety glasses.

3. Eating, drinking, smoking, and chewing gum or tobacco are not
allowed inside the exclusion area.

4. Changes in work practices or work rules shall be implemented only
after approval by the project manager and the designated site
health and safety officer.

5. Construction equipment always has the right-of-way over regular
vehicles.

6. All employees must clean up at the end of their shift before
leaving the site.

7. All protective clothing required will be supplied by the desig-
nated site health and safety officer. None of this equipment will
be permitted to leave the site until the completion of the pro-
ject.
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8. Employees are responsible to clean and maintain the protective
equipment issued to them. Any noted defects in the equipment
shall immediately be reported to the designated site health and
safety officer.

9. Employees shall listen for warning signals on construction equip-
ment and shall yield to construction equipment.

10. A1l equipment operators shall pay deliberate attention to watching
for workers on the ground who may be in their path and provide
warning to these peop.c oefore moving.

11. A1l workers shall fb]]ow emergency procedures explicitly.

11.2 Conditions of Employment

1. A1l prospective employees must pass a pre-employment physical.
Failure to submit to, or pass any exam will be grounds for dis-
charge.

2. A1l employees must participate in the air quality exposure moni-
toring program by wearing the personal monitors or sampling
devices, if required and specified by the site health and safety
officer. Any employee refusing to participate in the program, or
who tampers with a sample, will be subject to disciplinary action.

3. A1l employees must complete a required training program prior to
starting work.

4. All employees are required to use the personal protection speci-
fied for their work. This may include, but is not limited to, a
dust mask, rain suit, gloves, boots, hardhat, hearing protection,
polycoated Tyvek coveralls, and safety glasses.
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A1l employees must abide by all safety rules and procedures as
described in the work rules and/or developed throughout the pro-
ject.

No smoking shall be allowed within 50 feet of drilling or test pit
excavation operation. Failure to abide by this requirement shall
be grounds for discharge.
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CANONIE ENVIRONMENTAL SERVICES CORP.
SITE SAFETY MEETING/TRAINING SESSION LOG

Project No. Date
Project Name
Topics Discussed
Name (Print) Signature mp]
Name of Trainer or Person Signature

Conducting Meeting
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OPERATION AND MAINTENANCE PLAN
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS
1.0 INTRODUCTION

This document constitutes the Operation and Maintenance (O&M)

Plan for Waukegan Harbor Site (Site).

When the remedial activities at the Site are complete, three

separate soil-bentonite wall-enclosed containment cells with

covers, ground water extraction wells, ground water
piezometers, ground water monitoring wells, and a water
treatment facility will be operated and maintained. The three

containment cells are shown on Figure 1 and are designated as
the Slip No. 3 Containment Cell, West Containment Cell, and
East Containment Cell. The containment cells will encompass
areas of 1.5 acres, 3.4 acres, and 5.5 acres, respectively, and
will be covered with a combination of bituminous concrete and
vegetative covers. Table 1 summarizes the composition of each
cell cover. Ground water extraction wells in each containment
cell will provide an inward hydraulic gradient by maintaining
the water level within the cell at a lower hydraulic level than
the natural ground water level outside the cell. Piezometers
within each cell will be paired with a ground water monitoring
well outside the cell. The monitoring well piezometer pairs

will be used to monitor the hydraulic gradient across each
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containment cell boundary. The ground water monitoring wells
will also be used for obtaini~~ samples of the ground water
immediately outside of each containment cell soil-bentonite
wall. The ground water treatment facility will treat the
ground water extracted from each containment cell prior to
discharge to the North Shore Sanitary District or to an on-site
location approved by U.S. EPA. Within 30 days of the
completri~~ for the final cap of each containment cell, the
operation and maintenance requirement of this Plan shall

commence with respect to that cell.

The operation and maintenance of the water extraction and
treatment system, containment cell caps, and ground water
monitoring system will continue for the period provided by
Section V.D.9 of the Consent Decree. The program will include
a regular inspection and monitoring schedule as described in
the following section. An indication of PCBs in the monitoring
well system will be assessed under the compliance procedures in
Section 4.0, and if the results 1indicate the soil-bentonite
wall 1s failing to operate as designed, the wall will be
repaired subject to approval of the United States Environmental
Protection Agency (U.S. EPA). The operation and maintenance
program is subject to modification pursuant to Section V.D.9 of

the Consent Decree.
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2.0 MAINTENANCE OF FINAL COVER AND INSPECTION

The top surface of the final cap will consist of either
bituminous concrete or top soil overlying a drainage layer and
an HDPE synthetic liner. The top surface of the cap will be
inspected 1in accordance with the following schedules, and
repairs will be completed as soon as practical, weather
conditions vpermitting, after discovery of need for repair.
Inspections will provide a regular documented method of

insuring the integrity of the protective cover.

2.1 Inspection Schedule

If a bituminous concrete cover 1is installed, it will be
inspected each spring during the post-closure care geriod.
Cracks will be sealed with asphalt sealer. Potholes or other
deterioration of the asphalt surface will be repaired using
procedures recommended by the Asphalt Institute 1in MS-16

(Asphalt Pavement Maintenance, 1967).

If a vegetation and topsoil cover 1is 1installed, it will be
mowed twice per growing season and fertilized annually in the
spring of each year during the post-closure care period. In
addition, the vegetative cover will be inspected, every three
months during the first two years after completion of closure,
semi-annually for the next two years and each spring during the

remainder of the post-closure care period.
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Any gullies or washes in the top soil cover will be backfilled,
compacted, reseeded, and mulched with straw. Any areas of dead
vegetation will be similarly treated. Lined or riprapped
drains will be installed if persistent erosion recurs in the

same location.

If it is necessary to excavate into the containment cells or if
damage otherwise occurs to the drainage layer or synthetic

liner, the following repair procedures will be followed.

1. The synthetic surface will be exposed and inspected
for signs of physical damage (punctures, slits or
tears). This may require cutting and removing or

rolling back the synthetic drainage materials.

2. The liner will be exposed at least 12 inches in all
directions from the damaged area.

3. In the case of a puncture, the damaged area will be
repaired by the application of extruded material or a
glued patch.

4. For a tear, slit or large puncture, the flaw will be
overlain by a panel of the same material which will be
bonded to the existing liner by an extrudate weld or
by glueing.

5. The extrudate weld or glued seam will be checked using
a vacuum box.

6. The synthetic filter or drainage layer will be
replaced and fastened 1in place to the existing
drainage layer.
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3.0 GROUND WATER MONITORING

Twelve ground water monitoring wells or such greater number as
determined to be necessary in the approved Design Report, will
be sampled and analyzed for PCBs on a quarterly basis for the
first two years and semi-annually for the remainder of the
post-closure period. Analyses for PCBs will be by gas

chromatograph U.S. EPA Methad 608.

The ground water monitoring wells will be 1installed after
completion of the sbil—bentonite slurry wall at each
containment. The wells will be labeled with permanent
weatherproof designations. Background analysis will be
established by the first four quarterly seasonal sampling
occurring after well installation.

Ground water sampling will be completed in accordance with the
Remedial Action Quality Assurance Project Plan as follows:

1. The water 1level in the well will be measured and
recorded using an electric tape.

2. The electric tape will be rinsed with deionized water
between wells.

3. A sampling pump will be used to evacuate at least
three well volumes of water. The purge water will be
discharged on the ground surface unless previous
sampling 1indicated PCB 1levels of more than 0.010

ppm. Water which cannnt be discharged on the ground
will be recharged 1into the containment extraction
wells.

4, A pre-cleaned one liter glass bottle will be filled

with water, sealed, and transported to a laboratory
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which meets the quality assurance standards for
U.S. EPA Method 608.

5. The recharge rate of the well will be recorded for up
to one hour.

The record keeping and chain-of-custody requirements for the

sampling program are in Appendix A.

The ground water elevations in each of the piezometer/ground
water monitoring well pairs will be measured quarterly and
recorded on the ground water elevation monitoring log,
Table A-3. The measurements will be wused to «control the
extraction well pumps so that a hydraulic gradient differential
is maintained across the containment cell soil-bentonite wall.
The frequency of measuring and recording maybe reduced, as
approved by U.S. EPA, if the rate of change in water elevations
is less than an average of six inches per month. Conversely,
the frequency may be increased to account for changes that may
result from changes in Lake level.

The ground water monitoring wells will be sounded annually to
determine if the well is open. Sounding will be completed with
a string and steel weight. The weight will be washed with
distilled water between wells and the string will be discarded.
Ground water detection monitoring, compliance monitoring, and

corrective action programs will be completed as follows:

1. Hazardous Constituents - Ground water monitoring will
be for PCBs and chlorinated organics per 40 CFR
761.75. The only other ground water monitoring will

be monitoring for pH, conductivity, and temperature
completed during the purging of the monitoring wells.
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If the B.E.S.T. solvent extraction process is used for
treating soils, the monitoring for the West
Containment monitoring wells shall include
triethylamine.

Well Locations - The well 1locations will be on a
boundary which will be a vertical plane located
approximately 20 feet from the soil-bentonite walls
enclosing each in-place containment. The boundary may
be closer or farther from the wall 1in certain
locations to account for proximity to structures or

other obstructions. Each monitoring well located on
the boundary will be ©paired with a piezometer
installed approximately 5 feet inside the

soil-bentonite wall so that the differential water
level across the soil-bentonite wall may be determined.

Compliance Period - The operation and maintenance
program will continue for the period in Section V.D.9
in the Consent Decree.

Detection Monitoring -~ Water samples will be analyzed
for PCBs by U.S. EPA Method 608 during detection
monitoring. The detection 1limit will be 1 ppb.

Reported values for PCB sampling of 1 ppb to 5 ppb
above background will be noted for reassessment at the
next monitoring event, PCB sampling results of more
than 5 ppb above background will be verified by
resampling and analysis within two weeks of receiving
the laboratory results. A second result greater than
5 ppb above background will shift the g¢round water
monitoring program into <compliance monitoring, as
provided in paragraph 5.

If the detection monitoring results indicate that the
PCB level 1is consistently above the background level
by less than S5 ppb and shows a continued increase at a
rate of 1 ppb/quarter or more for three consecutive
quarters, then the ground water monitoring program
will move 1into compliance monitoring, as provided in
paragraph 5.

The U.S. EPA will be provided written notification of
a shift to compliance monitoring and a plan for the
compliance monitoring within four weeks of
confirmation that compliance monitoring is required.
If the detection monitoring change in PCB level 1is
greater than 10 ppb, then the U.S. EFA shall be
notified by phone within 24 hour of confirmation of
the detection monitoring results.
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Compliance Monitoring - Compliance monitoring will be
completed through the installation of additional
monitoring well points along the boundary. The
locations and construction details for the additional
ground water monitoring points will be submitted to
the U.S. EPA for approval prior to implementation of
monitoring in the form of a Compliance Monitoring Plan
within 30 days of the notification described 1in
paragraph 4. The results of the compliance monitoring
program will be used to determine if PCBs are
migrating from the in-place containment area and will
be used to assess the location from which the PCBs are
emanating.

An Assessment Report will be prepared assessing
whether PCBs are migrating from the IPC cells and
describing what, 1if any, corrective action measures
are necessary. The Assessment Report shall be
prepared 1in accordance with a schedule contained in
the approved Compliance Monitoring Plan and shall be
submitted to U.S. EPA for approval.

Corrective Action Program - If the Assessment Report
indicates that corrective action 1is required, such
corrective action will be carried out in accordance
with this paragraph. The corrective action program
may 1include repair of the soil-bentonite wall by
re-excavation and reinstallation, drilling and
grouting, vibratory beam grouting, or other repair
methods. The details of the proposed corrective
action 1including the quality control and assurance
procedures and the monitoring procedures required to
verify the corrective action (the "Corrective Action
Plan"), will be submitted to the U.S. EPA for approval
within 60 days of approval of the Assessment Report.

Corrective action will begin within 60 days of
receiving U.S. EPA approval for corrective action, in
accordance with the schedule and approved Corrective
Action Plan.

EPA will have access to observe the regular sampling

and to obtain split samples during regular well sampling. The

U.S. EPA

will have access at other times if first pre-arranged

with owner by written request, and if owner 1is allowed to
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observe and enforce compliance with proper sampling and to

obtain split samples.

3.1 Monitoring Well Maintenance

The elevation of the reference point on each monitoring well
will be resurveyed at least once every five vyears, The top
elevation will also be resurveyed if modifications are made to

the well or if the well is inadvertently damaged.

A well which becomes filled with sediment as measured by
soundings or has poor hydraulic performance will be cleaned by
flushing with potable water. Sampling will not occur for at
least one month after flushing of the well. If the well
continues to perform poorly, the well will be replaced by
installing a3 new well within 25 feet of the existing well and
by decommissioning the former well in accordance with Illinois

Administrative Code, Chapter I, Part 920.120, "Abandcned Wells".
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4.0 GROUND WATER EXTRACTION, TREATMENT AND DISCHARGE

Ground water will be extracted from each containment cell at a
rate which maintains an inward hydraulic gradient across the
soil-bentonite wall. Average daily flow will be approximately
500 gallons per day and will likely be pumped and processed by

intermittent pumping from the extraction wells.

The pumps will be inspected annually to insure that all high
and low set points are operable and that the pump is in running
condition. If pumping the well does not reduce the water level
in the containment cell, the pump will be removed and the well
screen cleaned with hydrogen peroxide or another oxidizer.

Extracted ground water will be processed through the long-term
water treatment facility. The long-term water treatment
facility will be a cartridge filter and two carbon adsorption

units connected in series.

For the first completed containment cell, when the system is
running continuously, a sample will be taken weekly for the
first six months, then monthly for the next six months (if
approved by the U.S. EPA), then quarterly thereafter as
approved by U.S. EPA (Appendix B), at a sample point at the
influent to the treatment system and also between the two
carbon units. If the long-term water treatment system 1is

operated on an intermittent basis, at least one water sample
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will be collected between the two carbon units at both the
start and the end of the operation. Samples shall be analyzed

for PCBs.

If it is established through this monitoring program that the
treatment system for the first containment cell is operating
efficiently to meet said discharge limit, then a request may be
made to reduce the sample frequency and number of samples for
the first, second and third containment cells. The frequency
sampling scheduled may also be modified, following approval by
U.S. EPA in the event the discharge occurs to the North Shore

Sanitary District.

If any sample equals, or exceeds 1 ppb, two additional samples
will be collected within two weeks thereafter. If all these
samples exceed 1 ppb, the following will be done promptly:

1. The lead carbon unit will be removed;

2. The second carbon unit will be switched to the 1lead
position;

3. A new carbon unit will be 1installed as the second
carbon unit; and

4. The cartridge filter element will be replaced.
The average concentration in the final effluent discharged
shall not exceed a 1 ppb 30-day running average when water 1is
generated. The final effluent shall be sampled monthly. The
effluent may be discharged to the North Shore Sanitary District

if the District, U.S. EPA and IEPA approve such discharge.
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Such approval shall not be unreasonably withheld. In the event
the effluent is not discharged tn the District, said water may

be discharged on-site at a location approved by U.S. EPA.

The exhausted carbon will be containerized, manifested, and
transported for appropriate disposal, in accordance with

federal, state, and local regulations.

If the pump and treatment system is shut-down fo- more than
thirty (30) days, the treatment system will be hydraulically
tested before start-up with either lake or potable water. The
test will consist of pumping water through the treatment system
at the same pumping rate as occurs during dewatering. The
pressure drops through the system will be assessed to determine

if the treatment equipment is ready for water treatment.

The treatment system will be 1located within a secondary
containment area with a detection sump. If water spills from
the carbon canisters or the connecting piping, a high level
alarm in the detection sump will cut off electrical power to
all extraction well pumps and will provide an alarm sign to a

designated operator or guard.

After five years from the date of the Certificate of Completion
of the Work, pursuant to Section XXIV of the Consent Decree,
U.S. EPA may establish different effluent limitations for this

discharge water if it determines that such limitations may be
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achieved by the use of the best available technology. Any such
determination by U.S. EPA shall be subject to dispute

resolution proceducrcs in Section XII of the Consent Decree.

Any of the above requirements may be modified pursuant to the

V.D.9 of the Consent Decree.

S709¢
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5.0 REPORTING

Monitoring results frcm the ground water monitoring wells and the extrac-
tion well treatment system will be submitted to the U.S. EPA on a quarterly
basis for the first two years and a semi-annual basis thereafter. The
results of cover inspections, extraction well maintenance, and treatment
system maintenance will be included with the reports on a yearly basis.

Reports will be issued within 45 days of receipt of each ground water
monitoring test result. Reports on the operation of the water treatment
system will be issued on a semi-annual basis. The discharge limits in the
water treatment reports will be certified by a corporate officer or his
approved designee.
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TABLE 1
CONTAINMENT CELL COVER COMPOSITIONS

Bituminous Concrete Vegetation
Containment Cell Acres Acres
STip No. 3 To be determined du. ..g final design
West
East

Note: ATl surface area values are approximate.

Total Area
Acres
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APPENDIX A
RECORD KEEPING REQUIREMENTS

1.0 GROUND WATEx muNITORING

The ground water monitoring record keeping forms are found in Tables A-1
through A-3. Table A-1, Field Sample Data, and Table A-2, Well Development
Log, are used concurrently for recording pertinent information during the
purging and sampling of a monitoring well. Table A-3, Ground Water Eleva-
tion Monitoring Log, is used for recording ground water level information
of the monitoring well/piezometer pairs.

1.1 Well Purging and Sampling

Immediately prior to purging each well, the depth from top of well casing
to top of water surface and to bottom of well will be determined to the
nearest 0.05 foot and recorded as a portion of the well sample data (see
Tables A-1 and A-2). Jetting methods will not be used for purging the
monitor wells. The method for purging and sampling of the monitoring wells
is with dedicated submersible bladder-type pumps providing a uniform rate
of discharge. Teflon tubing will be used for intake/discharge lines as
required for sample pump operation. All monitoring wells will be capped
and locked to prevent unauthorized access to the well and the possible
contamination of the well between sampling episodes.

Monitoring wells will be purged by removing at least three well volumes
determined as the total depth of the well minus the depth to the water
surface times the area of the well.

At each well to be sampled, purged waters will be monitored during purge
for temperature, pH, and conductivity as a function of time (see

Table A-2). This data will be accurately recorded such that the variation
of parameters may be related to elapsed purging time. These relationships
along with sample data from selected purga evaluation wells will be used to
establish specific purging volumes for each well. Purging methods,
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volumes, times, and any other pertinent information will be recorded and
reported by the sampling team (see Tables A-1 and A-2).

The ground water samples will be placed in glass bottles fitted with caps
having Teflon-faced silicon seals. The sample bottles will be one liter in
size. Each sample bottle will be labeled with the following:

1. Name of sampling team;

2. Site name;

3. Location identification;

E -

Sampling date.

The water sample, when collected, will totally fill the sample bottle.
Samples will be placed in an ice chest or similar container capable of
maintaining an even temperature while the samples are transported to the
laboratory. The packaging and shipping procedures will be in accordance
with the accepted standards for the type of analysis requested. Two sepa-
rate sample bottles of ground water will be collected at each monitoring
well as the sampie set, so that duplicate samples are available for QA
analysis, if required.

1.2 Quality Assurance

An established program of sample chain-of-custody procedures, that is
followed during sample collection and handling activities in both the field
and laboratory operations, is required to assure that sample integrity is
maintained and data generated through the analysis of the samples is appli-
cable to evaluation of the site. The sample custody program as well as the
quality assurance procedures regarding the construction water treatment
facility water samples will be utilized for the ground water monitoring
samples. These procedures will be in the Quality Assurance Project Plan
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(QAPP) for the Waukegan Harbor Site. The QAPP will be prepared during the
design phase.

Laboratory QA data and other supporting data will be maintained in
accordance with the Consent Decree.
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TABLE 1-

CanonieEnvironmental FIELD SAMPLE

PROJECT No.
FIELD
ENGINEER
PAGE OF
PROJECT NAME DATE
FIELD DATA:
WELL SAMPLED
TOP OF CASING ELEVATION
DEPTH TO GROUND WATER FROM T.0.C., FT.
GROUND WATER ELEVATION
PURGE DATE
PURGE METHOD
START PURGE ELAPSED TIME HRS. VOLUME PURGED

(SEE WELL DEVELOPMENT LOG FOR PURGING DETAILS)

SAMPLER TYPE SUBMERSIBLE PUMP 2. BLADDER PUMP 3. BAILER

4. OTHER(SPECIFY)

—

SAMPLER MATERIAL : 1. STAINLESS STEEL 2. TEFLON 3. PVC
4. OTHER(SPECIFY)

TUBING MATERIAL . 1. TEFLON 2. POLYETHYLENE 3. TYGON 4. SILICON
5. OTHER(SPECIFY)

SAMPLE APPEARANCE

SAMPLE pH TEMPERATURE SPECIFIC CONDUCTANCE

COMMENTS:

WEATHER:

OTHER:
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CanonieEnvironmental

WELL™

PRQOJECT No.
WELL No.
FIELD
ENGINEER
PAGE OF
PROJECT NAME OATE
DIAMETER OF WELL (d) INCHES .
TOTAL DEPTH OF WELL FROM T.0.C., FEET.
HEIGHT OF GROUND WATER COLUMN IN WELL (W), FEET .
MINIMUM QUANTITY OF GROUND WATER 4
TO BE PURGED (vw, WHERE Vw = 0.12(d)* W), GALLUNS .
PUMPING EQUIPMENT USED
WEATHER
PUMPING TOTAL SPECIFIC
TIME RATE VOLUME pH TE.C":‘P CONDUCTANCE NOTES
(GPM) (GAL) UMHOS
-t
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TABLE A-3

CanonieEnvironmental GROUND WATER
ELEVATION
MONITORING LOG

SROJECT No.
FELD
ENGINEER
PAGE CF
PROJECT NAME DATE
WEATHER
MONITORING WELL PIEZOMETER
*
MONITORING To.C PR | o oF PIEZOMETER T.0.C. 1 R | oo _é_
WELL No. (FT)) ELEV. °. ‘ (FT)) ELEV. (FT.)
| |
|
»’
|
|
1
' |
| 1 l
| 1 |
| | E
| | | ‘
* O\ = TOP OF WATER ELEV. (MONITORING WELL) — TCP OF WATER ELEV. (PIEZCMETER)
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APPENDIX B

LONG-TERM WATER TREATMENT FACILITY
SAMPLING FREQUENCY

A quarterly sampling frequency between the carbon canisters is sufficient
to ensure compliance with the PCB discharge goal. Treating 500 gallons per
day of ground water containing the solubility 1imit of 288 ppb PCB (Waid,
John S., PCBs and the Environment, Volume I, CRC Press, Inc., 1986) will
require 9.1 years to exhaust a 200 1b. carbon adsorption treatment
container at two weight percent PCB loading. The calculation is presented
with the following equations:

Weight of carbon per carhn» adsorption container: 200 1b.
Water flow rate to long-term treatment facility: 500 gallons/day
Solubility 1imit of Aroclor 1242 in water: 288 ppb

PCB loading on carbon: 0.02 1bs. PCB
1bs. carbon

PCB removal rate:

500 gallons water x 8.34 1bs. water x 288 lbs. PCBs x 365 days =

day gallon water 1 billon 1bs. year
water
0.438 1bs. PCB
year

PCB capacity of 200 1bs. carbon:

200 1bs. carbon x 0.02 1bs. PCB = 4.0 1bs. PCBs
1bs. carbon
Time required to achieve carbon loading:

4.0 1bs. PCB/0.438 1bs. PCBs = 9.1 years

year
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UWITED STATES DISTRICT COURT =
NORTHERN DISTRICT OF I.LINOIS DT =
EASTERN DIVISION =T =

UNITED STATES OF AMERICA,

)
. )
Plaintif€f, )
) |
and ) Civil Action No.
) 78 C 1004
THE PEOPLE OF THE STATE OF ILLINOIS, )
) Judge Getzendanner
Intervernors, )
)
- vs. §
QUTBOARD MARIWE CORPORATION, )
)
Defendant, Third Party )
Plainciff and Cross- )
Claim Defendant, )
)
and )
%4 .)
YONSANNTO COMPANY, )
)
Defendant, Third Parcy )
Defendant and Cross- )
Claiw Plainciff. )
S~—

COVENANT NOT TO SUE

WHEREAS, on March 17, 1978, plaintiff, the United
S-azes cf America, on behalf cf zhe Uni:ted States Invironzenzz.
Protection Agency (USEPA), comzenced this action to secure an
injunczicn :cmpellingvdefendan:, Qutboard *arine Corporacicn
(OKC) to clean up the polychlorinated biphenyls (PCBs) in and
arouad cthe wWaukegan Harbdor facilicty of OMC and to recover
civil penalties.from OMC for izs alleged illegal discharge c:

PC3s, and for other relief as zrayed for in the Second Auencsc



Complaing;

WHEREAS, chereafter USZPA decided to undertake a
USZPA-funded response action to abate ?C3 contamination in
and around the Waukegan Harbor facility of OMC, pursu;nc to
the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA), 42 U.S.C. §9601 et seq.;

WHEREAS, the United States may initiate litigation
in the future to recover all costs related to response action,
except for litigation costs as defined in 28 U.S.C. §1920
incurred sulely in ccimection with this ;ction; and

WAEREAS, the United States no longer intends to
proceed with this litigaction insofar as it sought injunctive
relief and civil penalties against OMC, in light of USEPA's
decision to undertake response action in and around the
wauxegan Harbor facility of OMC;

THEREFORE, before the taking of any testimony and
without adjudication of any issue of fact, plaintiff, in che
exercise of its prosecutorial discretion, covenants not to
sue OMC for injunctive relief or civil penalties pursuanc o
Secticn 13 of the Rivers and Harbors Act of 1899, 33 U.S.C.
§L07: Section 309(b) and (d) of cthe Federal Water Pollution
Contzol Act, 33 U.S.C. §1319(b) and (d); and Section 106 of
_the CEIRCLA, 42 U.S.C. §9606, or any other civil claims with
respect to che abatement of ?C3 contazination in the Waukegan
Harbor area which plaincifZ might nave assertea on behalf of
USZPA in cthis Litigation based on che same facts as those

alleged in the Second Amended Complaint and now known co

plaintiff.



dotwithstanding any other provision oI this Covenan:,
the Unized States reserves the right to ianitiate and maincain
an action to recover from any person all costs incurred relating
to the USEPA-funded response action to clean up PCB contamination
in and around OMC's Waukegan Harbor facility, except for litigation
costs as defined in 283 U.S.C. 81920 incurred solely in connection
with this action; and

Nothing in this Covenant is intended to release or in
any way extinguish any right che United States may have to éssert
any claims againsc parcie; other than OIC.

This covenant not to sue is effective upon the entry

by cthe district court of an order dismissing United States v,

Qutboard Marine Corporation, No. 78 C 1004 (N.D. Ill.) wichout

prejudice.

UNITED STATES OF AMERICA
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UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF ILLINOIS
EASTERN DIVISION
saeCEIVeu

IR O

PHELAN BOPE & JOHM

UNITED STATES OF AMERICA,
Plaintiff,
and
No. 78 C 1004
THE PEOPLE OF THE STATE OF ILLINOIS, '
. Judge Getzendanner
Intervenors, ,

V.
OUTBOARD MARINE CORPORATION,

Derendant, Third Party
Plaintiff and Cross-
Claim Defendant,

é”a 4@},

and
MONSANTO COMPANY,

Defendant, Third Party
Defendant and Cross-
Claim Plaintiff€.
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COVENANT NOT TO SUE

WHEREAS, on March 17, 1978, plaintiff, the United States
0f America, on behalf of the United States Environmental Prcziecticn
Agency (USEPA), commenced this action to secure an injunction
compelling defendant, Outboard Marine Corporatiom (OMC) to_clean
up the polychlorinated biphenyls (PCBs) in and around the WEukegan
_Karbor facility of OMC and to recover civil penalties from CMC
for its alleged discharge of PCB's, and for other relief as

prayed for in the Second Amended Complaint;
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WHEREAS, the Intervenor People of the State cf Illinois
subsequently intervened in this action as a plaintiff;
WHEREAS, thereafter USEPA decided to undertake a USEPA-
funded response action to ibate PCB contamination in and around
the Waukegan Harbor facility of OMC, pursuant to the Comprehen-

sive Environmental Response, Compensation and Liability Act,

(CERCLA), 42 U.S.C. 9601 et seq.:

WHEREAS, the United States may initiate litigation in the
future to recover all.costs-related to response action, except<
for litigation costs as d;fined in 28 U.S.C. 19iv incurred . ™
solely in connecfion with this action;

WHEREAS, the People of the State of Illinois may initiate
litigation in the future to recover all costs related to
response action, except for litigation costs as defined in
28 U.S.C. 1920 incurred solely in connection with this action;

WHEREAS, the United States has executed a Covenant Not To
Sue in this action, in which it recites that it no longer
intends to proceed with this litigation insofar as it sought ™
injunctive relief and civil penalties against OMC, in light ci
USEPA's decision to undertake response action in and around ihe
Waukegan Harbor facility of OMC; and

WHEREAS the People of the State of Illinois no longer intend
to proceed with this litigation insofar as it sought injunctive
relief and civil penalties against OMC, in light of the decision

to undertake response action in and around the Waukegan Harber

facility of OMC, subject only to the reservations and prcvisions

contained herein;
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THEREFORE, before the taking of any testimony and without
adjudiéation‘of,any issue of fact, Intervenor People of the Staze
of Illinois, in the exercise of prosecutorial discretion,
coven#nt not to sue OMC for injunctive relief or civil penal-
ties on any claim for relief asserted in the pleadings hereto-
fore filed in this case, or suny other civil claims with respect
¢o the abatemetn of PCB contamination in the Waukegan Harbor
area which the People of the State of Illinois #ight have
asserted in this litigation.based on the same facts as those
alleged in the Complaint and now known to the Pecople, subject
only to the reservations and provisions hereof;

NOTWITHSTANDING any other provision of this Covenant, the
people of the State of Illinois reserve the right to initiate
and maintain an action to recover from any person, including CMC,
all costs incurred by them relating to the USEPA-funded respornse
action to clean up PCB contamination in and around OMC's wauxegzn
Harbor facility, except for litigation costs as defined :in
28 U.S.C. 1920 incurred solely in connection with this action.

TURTHER NOTWITHSTANDING any other provisiom of this Covenant,
the People of the State of Illinois reserve the right to In:itiaze
and maintain any action, pursuant to the police power, aga:insz
any person, including OMC, for the abatement of PC3 conzaminatisn
in the Waukegan Harbor area in the event that the response acIicn
pursuan: o CERCLA is prevsnted, by judicial - decree or otherwise,
from proceeding.

Nothing in this Covenant is intended to release or in any



way extinguish any right that the People of the State of Illinois
may have to assert any <laims against parties other than OMC.

This covenant is effective upon its execution.
L4

PEOPLE OF THE STATE OF ILLINOIS

o el T <

| [ 7 | -
Date: é// / 7[/45’3'/ / (/




CERTIFICATE OF SERVICE

I, Russell R. Eggert, an atiorney, hereby certify that
I caused ccpiesvof the foregoing Covenant th To Sue to be
served upon the persons named below by personal service on
June 20, 1985:

Richard J. Phelan, Esq.
Phelan, Pope and John

180 North Wacker Drive
Chicago, Illinois 60606

James J. Schink, Esgq.
Kirkland § Ellis

200 East Ranaolph Drive
Chicago, Illinois 60601

Richard J. Kissel

Martin, Craig, Chester & Sonnenschein
115 South LaSalle Street

Chicago, Illinois 60603

James T. Hynes

Assistant U.S. Attorney
219 South Dearborn Street
Chicago, Illinois 60604
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ATTICAVIT OF HAND DEILIVERY

SATZ OF L1LN\0IS )'
) SS
OQAITY OFCOOK )

Veda F. McDevitt . being first duly sworn an cath deroses and says thae

she is employed in the Office of the United States Attorney for the Northem

District of Illinois, and further states that on the 23rd day of
April , 1985, she had a copy of each of the following:

. COVENANT NOT TO SUE

sa-3anally delivered to the following named individual(s) on said date at axcus

the hour of 3:30 D.m.

Ricrard J. Phelan, Esq. Richard J. Kissell, Esg.

P=EIAN, POPE & SO, LTD. MARTIN, CRAIG, CESTER §& SQOIIST=oN
180 N. Wacker Crive, Suite 300 115 S. laSalle Street, =n. 24CC
Cnhicago, . 60606 ) Chicago, IL 60603

Sames J. Schink, Esg. ‘ Russell Fggert, Esg.
, XIRTAND & =—ILIS Office of the Attommey General, Illi~cis
200 E. Rarr’.olph Drive ) 160 N. laSalle Street

C~icago, L, 60601 Chicago, IL 60606

.- TEI R AND GWORN TO BECAE vZ o5

13%E Y OF 4@,‘,;6 :

Fnan) ZW,/

A NOT=RY PBLIC /
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M, Cormission Fxpires: =
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